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PREFACE 


This  book  has  been  written  to  meet  the  requirements  of  the 
new  methods  of  teaching  surveymg,  especially  of  those  methods 
developed  in  connection  with  smnmer  courses  where  much  of 
the  instruction  formerly  given  in  the  class-room  has  been  trans- 
ferred to  the  field.    In  plan  it  is  a  text-book  and  pocket  manual 
combined,  while  in  scope  its  aim  is — ^not  to  cover  the  whole 
field  of  surveying,  but — ^to  treat  with  great  thoroughness  fun- 
damental principles  and  methods.    As  a  text-book  it  deals 
.    with  the  theory  of  surveying,  while  as  a  manual  it  gives  many 
7  practical  suggestions  and  directions  which  are  usually  left  for 
^  oral  instruction.     Oral  instruction  is  peculiarly  inadequate  in 
j::  field  work  where  the  students  are  more  or  less  widely  scattered, 
while  directions  and  suggestions  if  given  in  the  class-room  are 
-o  frequently  misunderstood  or  forgotten  before  they  can  be  ap- 
^  plied  in  the  field.    The  problem  is  not  solved  by  issuing  a 
*^  printed  collection  of  exercises  in  which  successive  steps  are 
^  outlined,  for  students  are  apt  to  follow  the  outline  blindly  and 
thus  to  defeat  the  end  in  view.     It  would  seem  better  to  provide 
'"  a  book  in  which  expUcit  directions  for  methods  of  procedure 
•^  are  supplemented  by  the  same  explanations  and  comments  as 
V  the  instructor  endeavors  to  give  orally. 

<y  With  more  than  one  hundred  students  in  the  field  at  one 
time,  the  need  of  such  a  book  in  my  own  classes  has  become 
more  and  more  evident.  For  several  years  my  assistant  in- 
.  structors  have  helped  me  to  keep  a  card  index  of  the  questions 
asked,  the  mistakes  made,  and  the  difficulties  encountered  by 
students  in  successive  classes.  Thus  not  only  were  the  needs 
of  students  ascertained,  but  those  which  are  most  common 
i^ere  emphasized  by  duplicate  cards.  This  card  index  led  to 
the  preparation,  five  years  ago,  of  a  pocket  manual  for  use  in 
my  own  classes.  Yearly  editions  of  this  manual  have  been 
issued^  each  containing  changes  and  additiona  svi%jg^«Xi^^  >q»^ 
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the  ever-growing  card  index,  until  now  it  is  offered  in  its  present 
form  for  general  use.  Though  intended  primarily  for  students, 
it  is  hoped  that  it  may  prove  helpful  to  men  in  actual  work, 
especially  to  those  who  are  striving  in  the  early  years  of  practice 
to  perfect  themselves  in  the  art  of  surveying. 

In  attempting  to  produce  a  book  which  shall  be  useful  to 
the  beginner,  I  have  probably  gone  into  details  more  minutely 
than  seems  necessary  to  the  experienced  surveyor,  who  wonders 
••  why  something  is  not  left  to  the  common  sense  of  the  student. " 
Yet»  a  long  experience  in  teaching  impels  me  to  the  belief  that 
nothing  should  be  taken  for  granted,  that  anything  worth  telling 
the  student  is  worth  putting  in  print,  and  that  after  all,  common 
sense  in  surveying  is  closely  related  to  a  knowledge  of  common 
things — little  details  which  some  one  must  tell  the  student 
for  the  first  time.  If  put  in  print  where  they  will  be  seen  again 
and  again,  many  of  these  practical  details  can  be  learned  just  as 
well  before  as  after  graduation,  while  if  left  to  be  picked  up  in 
practice  many  of  them  may  not  be  learned  at  all. 

A  more  definite  idea  of  the  general  plan  and  scope  of  the 
book  may  be  gained  by  reading  the  short  introductory  notes 
at  the  heads  of  the  various  chapters.  Attention  is  called,  how- 
ever, to  the  following  features: 

1.  Great  care  has  been  taken  to  make  the  book  convenient 
for  ready  reference,  so  that  the  student  may  turn  quickly  to  any 
part  of  the  subject. 

A  purely  progressive  order  of  arrangement  being  impracticable,  the 
plan  has  been  followed  of  grouping  closely  related  chapters  and  topics. 

2.  Each  branch  of  field  work  in  Part  I  is  treated  under  three 
general  heads,  viz.:  (I)  the  use  of  the  instrument ;  (2)  the  gen- 
eral method  of  procedure;  (3)  the  practical  details  of  field 
work. 

By  this  arrangement,  general  methods  of  procedure  are  not  obscured 
by  directions  for  the  use  of  the  instrument,  or  vice  versa,  while  that  part 
of  the  work  which  can  be  studied  in  the  class-room  is  separated  from  that 
which  is  better  studied  in  the  field. 

3.  The  time-honored  system  of  explaining  the  general  methods 
of  surveying  under  the  head  of  compass  surveying  has  been 
abandoned,  and  the  whole  theory  of  horizontal  control  is  ex- 
plained in  connection  with  transit  surveying. 

This  innovation  is  justified  by  the  fact  that  many  engineers  seldom,  if 
ever,  have  occasion  to  use  the  compass. 

4.  Eield  work  and  office  work  are  treated  in  separate  parts 
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of  the  book^  hat  the  important  relaiiQEis  between  the  two  are 
emphaflbsed  timmglioat. 

This  divinoii  of  the  sabject,  adopted  five  years  agD  in  the  first  prelim- 
inary edition  of  thii  book^  corresponds  to  a  similar  division  of  the  work 
in  practice. 

5.  General  statements  of  important  principles  and  methods 
are  almost  invariably  supplemented  by  special  applications  or 
practical  illustrations,  given  as  a  rule  in  fine  print. 

This  is  lor  the  special  benefit  of  those  who  are  studying  the  subject 
with  little  if  any  help  from  a  teacher. 

6.  When  there  are  two  or  more  methods  of  doing  the  same 
things  they  are  ^ven  one  after  the  other  and  then  compared. 

For  example,  see  (%apter  XII  for  four  methods  of  running  transit  lines; 
OhM>ttf  XIII  for  different  methods  of  locating  details;  pages  141  and  150 
for  five  methods  of  locating  boundariee;  and  page  258  for  five  methods 
of  setting  grade-stakes. 

7.  A  great  deal  of  practical  information  Is  given  without 
obscuring  general  methods. 

For  example,  in  expUuning  any  method  of  procedure  a  concise  outline 
of  the  ^  essential  steps  is  ^ven  first,  followed  oy  practical  suggestions  in 
fine  print. 

S.  In  the  chapters  on  field  notes,  an  attempt  has  been  made 
to  sive  a  systematic  treatment  of  a  very  important  but  much 
neglected  part  of  field  work. 

Not  only  have  numerous  forms  and  examples  been  given  throughout 
the  book,  and  especially  in  Chapter  XV,  but  different  methods  of  keeping 
notes  9 re  explained  and  compared.  Surprisingly  little  on  this  part  of  the 
subject  is  to  DC  found  in  stanoard  text-books. 

9.  Throughout  the  book  special  effort  has  been  made  to  give 
a  systematic  and  practical  discussion  of  the  subject  of  errors. 

Consistent  accuracy  rather  than  exceptional  accuracy  should  be  the  first 
aim ;  hence  stress  is  laid  on  the  relative  importance  of  errors  from  differ- 
ent sources,  as  well  as  upon  methods  of  eliminating  errors. 

10.  Methods  of  checking  are  emphasized,  and  wherever  pos- 
sible they  are  included  in  methods  of  procedure  so  that  work 
may  be  checked  as  it  progresses  rather  than  after  it  is  finished. 

For  example,  see  methods  of  procedure  on  pages  152-156. 

11.  No  Space  has  been  wasted  in  describing  and  illustratine 
visible  parts  of  Instruments.  In  Part  III,  however,  a  critic^ 
study  is  made  of  the  construction  and  adjustment  of  instruments 
and  an  unusually  complete  chapter  is  given  on  the  cai«  of 
tnstrumenta. 
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This  part  of  the  subject  should  be  studied  after  the  student  has  become 
accustomed  to  the  use  of  the  instruments;  hence  it  is  treated  at  the 
end  of  the  book  instead  of  at  the  beginning. 

12.  The  method  of  calculating  bearings  in  Chapter  XXX  is 
original,  but  it  is  such  a  simple  and  natural  application  of  alge- 
braic signs  to  angles,  that  the  same  general  method  is  probably 
used  by  many  engineers. 

13.  It  is  hoped  that  chapters  on  various  branches  of  surveying, 
such  as  stadia,  compass,  and  plane-table  work,  will  be  found 
unusually  complete.  Attention  is  called  to  Chapters  XVII  and 
XXIII  on  special  work  in  transit  surveying  and  leveling,  and 
to  the  treatment  of  office  computations  and  mapping  in  Part  II. 
No  attempt,  however,  has  been  made  to  cover  such  subjects  as 
city  surveying  and  mining  surveying,  since  they  cannot  be  treated 
adequately  in  a  book  of  this  kind.  There  is  an  opportunity 
for  specialists  to  write  books  of  reference  on  these  two  subjects, 
following  the  general  plan  of  our  best  books  on  railway  survey- 
ing and  topographic  surveying. 

14.  Through  the  kindness  of  Mr.  Charles  W.  Reinhardt  of 
the  Engineering  News,  and  of  Prof.  C.  E.  Sherman  of  Ohio 
State  University  I  have  been  able  to  include  in  Chapters  III 
and  XLII  valuable  extracts  from  their  admirable  books  on 
lettering. 

I  hsrve  found  it  impracticable  in  many  cases  to  acknowledge 
my  indebtedness  to  other  writers  on  surveying,  so  much  of 
the  subject  having  long  been  the  common  property  of  all  en- 
gineers. Certain  portions  of  the  chapters  on  errors,  and  on 
the  construction,  use,  and  adjustment  of  instruments  were 
first  suggested  by  Prof.  I.  O.  Baker's  excellent  book.  En- 
gineers' Surveying  Instruments,  For  the  most  part,  however, 
I  have  drawn  upon  data  gathered  from  a  great  vlariety  of 
sources  during  the  past  fifteen  years. 

I  am  indebted  to  many  engineers  and  to  members  of  the 
faculty  of  the  Sheffield  Scientific  School  for  valuable  sug- 
gestions offered  during  the  preparation  of  this  book.  I  am 
under  special  obligations  to  Prof.  C.  S.  Hastings  for  his 
helpful  criticism  of  the  chapters  on  errors,  to  Mr.  C.  S.  Rein- 
hardt for  assistance  in  the  preparation  of  some  of  the  cuts,  and 
to  Mr.  R  S.  Kirby  for  numerous  suggestions  concerning  office- 
work,  as  well  as  for  valuable  help  in  the  preparation  of  illus- 
trative examples  in  Part  II.  Gratefid  acknowledgment  is  also 
made  of  the  help  received  from  my  colleague,  Mr.  C.  S.  Famham, 
from  Mr.  C.  A.  Wheeler  of  the  Connecticut  Agricultural 
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College.  Mr.  Farnhami  besides  contributing  knowledge  gained 
from  practical  experience,  has  been  of  great  assistance  in  the 
preparation  of  the. manuscript.  Mr.  Wheeler  has  read  the  entire 
proof  with  great  care,  and  has  made  important  corrections  and 
additions. 

Acknowledgments  are  due  to  Professors  tves  and  Hilts  for 
the  use  of  Table  III,  reprinted  from  their  Problems  in  Survey- 
ing; to  Professors  Merriman  and  Brooks  for  Tables  VI,  IX, 
and  X,  reprinted  from  their  Hand  Book  for  Surveyors;  and  to 
Professor  Searles  for  Tables  VIII,  XI,  XIV,  XV,  XVI,  and  ' 
XVIII.  Table  XVII  is  from  Carhart's  Field  Book  for  CivU 
Engineers. 

John  C.  Tbact. 

Nsw^  Haven,  CoNNEcncuT« 
August,  1907. 
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INTRODUCTION 


To  TRS  Studsmt: 

The  theory  of  plane  survejdng  is  surprisingly  simple,  but  the  application 
of  the  theory  in  practice  is  more  difficult.  There  is  not  much  to  imder- 
stand,  but  there  is  a  great  deal  to  remember.  Success  depends  more  upon 
training  and  judgment  than  upon  a  knowledge  of  theory.  You  can  hardly 
expect  in  a  college  course  to  acquire  the  skill  which  comes  from  long-con- 
tinued repetition,  or  the  judgment  whicn  comes  from  wide  experience. 
On  the  other  hand  you  should  realize  that  the  habits  formed  when  first 
,  learning  the  use  of  surveying  instruments,  and  the  methods  of  field  work 
acquired  in  college  are  apt  to  cling  to  you  long  after  graduation.  It  is 
the  object  of  this  book  not  only  to  explain  the  theory  of  surveying  but  to 
help  you  to  acquire  those  habits  and  methods  of  work  that  are  in  accord 
with  the  best  practice.  This  does  not  mean  that  you  can  read  over  the 
practical  suggestions  and  directions  for  field  work  once  for  all  and  then 
remember  them  ever  after.  On  the  contrary,  you  should  take  the  book 
into  the  field  with  you  and  consult  it  constantly.  Study  it  first  for  gen- 
eral principles  and  for  a  few  of  the  most  important  directions,  and  then, 
as  you  have  opportunity,  read  and  reread  portions  of  the  text  in  order 
to  pick  up  the  fine  points  of  good  field  work.  For  example,  you  are  a 
rodman  and  are  waiting  for  the  levelman  to  set  up.  Now  is  a  good  time 
to  reread  the  suggestions  for  the  rodman,  page  261.  Or  if  a  member  of 
the  transit  party  with  little  to  do,  read  portions  of  Chapters  IX,  XII,  XIII, 
and  XIV  on  transit  surveying.  In  this  way  much  time  can  be  used  to 
good  advantage  which  would  otherwise  be  wasted. 

Learn  different  methods  of  doing  the  same  thing  and  study  the  advan- 
tages and  disadvantages  of  each  method.  Study  also  the  different  sources 
of  error,  for  field  work  is  a  continual  fight  against  errors.  In  practice  the 
surveyor  aims  to  save  time  and  expense.  Working  thus  under  pressure, 
it  is  a  great  advantage  to  be  able  in  any  given  case  to  choose  the  most 
suitable  method,  and  to  know  what  sources  of  error  may  be  ignored  and 
what  must  be  eliminated.  Learn  to  check  work  while  it  is  in  progress, 
for  a  considerable  portion  of  a  surveyor's  work  is  in  making  sure  that 
the  remaining  portion  is  correct. 

Finally,  do  not  work  too  much  by  rule,  and  do  not  form  the  **hand- 
book  habit.**  The  sooner  you  are  able  to  work  without  help  from  this 
book  the  better  the  book  will  serve  its  purpose.  Throughout  the  course 
maintain  an  attitude  of  questioning.  Do  not  accept  what  an  instructor 
•ays  or  what  thfi  book  tells  you  as  gospel  truth.  Constantly  ask  yourself 
*Why  *  and  do  not  rest  satisfied  until  you  know  why.  This  is  the  spirit 
which  will  enable  you  to  get  the  most  out  of  the  course. 
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PLANE    SURVEYING 


Part  I 
FIELD   WORK 


CHAPTER  I 
INTRODUCTION 

Fundamental  Pkinciples  and  General  Methods 

1.  The  Earth's  Surface  is  understood  in  geodesy  to  be 
•He  surface  of  a  globe  as  determined  by  the  mean  level  of  the' 
>cean.  The  actual  surface  of  the  land  is,  for  the  most  part, 
^bove  the  earth's  surface.  It  is  not  necessary,  however,  to 
Hake  this  distinction  in  ordinary  surveying  except  when  dealing 
'^ith  elevations.  The  earth's  surface  is  generally  spoken  of  as 
k  sphere;  it  is  more  nearly  an  oblate  spheroid  of  revolution. 

The  longer  axis  is  in  the  plane  of  the  equator,  the  shorter  from  pole  to 
E>ole.  The  lengths  as  generally  used  in  geodesy  are;  long  axis  41  852  124 
ft.,  short  axis  41  710  242  ft.— a  difference  of  141882  ft.,  or  about  26.87 
•>Ules.     The  average  radius  of  the  earth'*  surface  is  therefore  3956.5  milee 

2.  Sea  Level  is  understood  to  be  the  mean  between  high 
and  low  tides.  It  can  be  determined  at  any  place  by  means 
of  self-registering  gages,  the  observations  extending  over  a  long 
period  of  time. 

3.  Horizontal  and  Vertical  Planes.  At  any  given  point 
on  the  earth's  surface  there  can  be  but  one  vertical  line,  i.e., 
a  line  to  the  earth's  center  as  indicated  by  a  plumb-line.  A 
plane  perpendicular  to  this  line  is  a  horizontal  plane.  A  plane 
passed  through  this  line  is  a  vertical  plane.  At  any  given  point 
there  can  be  but  one  horizontal  plane;  there  can,  however, 
be  an  indefinite  number  of  vertical  planes. 

Remark.  A  level  surface  is  not  a  horizontal  plane,  indeed  it  is  tvot.  «k 
plane  at  all  but  a  surface  which  is  at  every  point  peTpeiid\c\AM  \.o  ^ vV'ttt^a- 
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line  at  that  point.  If  the  plumb-line  at  every  point  pointed  to  the  zenith, 
a  level  surface  would  conform  to  the  earth's  surface  (an  oblate  spheroid), 
but  owing  to  the  irregular  distribution  of  mass  there  are  many  deviations 
of  the  plumb-line,  and  a  level  surface  follows  all  such  deviations.  These 
deviations  of  tlie  plumb-line  are  not  taken  into  account  in  plane  survey- 
mg. 

4.  Surveying.  Making  such  observations  and  measurements 
as  will  determine  the  relative  positions  of  points  on  the  earth's 
surface. 

Measurements  may  be  either  angular  or  linear. 

5.  Plane  Surveying.  Surveying  in  which  all  measurements 
are  either  made  or  reduced  parallel  to  a  horizontal  or  vertical 
piano. 

In  plane  surveying  the  curvature  of  the  earth's  surface  *  is  not  taken 
into  account,  in  geodetic  surveyiag  it  is;  hence  tie  necessity  for  the  two 
terms  plane  and  geodetic.  For  ordinary  surveys,  extending  over  small 
areas,  the  methods  of  plane  surveying  involve  no  appreciable  erroi-s.  The 
limit  is  rougaly  placed  at  ab.)ut  100  square  miles,  afthougj  plane  surveys 
of  much  greater  extent  are  often  made  when  great  accuracy  is  not  required. 

Tne  difference  in  length  between  the  arc  on  the  earth's  surface  and  a 
straight  line  is  only  about  0.05  ft.  in  11^  miles,  0.5  It.  in  23  miles,  and 
1.0  ft.  in  34i  miles. 

6.  Horizontal   and  Vertical  Measurements.     There   are 
.four  kinds  of  measurements  used  in  plane  surveying: 

HoRizoNTAii  Vertical 

1.  Horizontal  Distances  3.  Vertical  Distances 

2.  Horizontal  Angles  4.  Vertical  Angles 

Remark.  In  exceptional  cases  linear  measurements  are  some- 
times made  along  an  inclined  sur- 
face, but  these  measurements  are 
afterwards  reduced  to  a  horizontal 
or  vertical  basis.  It  is  important 
that  the  student  should  understand 
at  the  outset  the  distinctions  as 
illustrated  in  Fig.  6. 

• 

Illvatration.  Let  A  he  &  point  at  the  bottom  of  a  hill  and  B  a  point 
at  the  top.  The  distance  AB  as  understood  in  surveying  is  not  the  air- 
line distance  AB  but  its  horizontal  projection  AC.  Again,  let  H,  D,  and 
G  be  points  in  the  same  horizontal  plane,  B  a  point  in  a  vertical  line 
througa  H,  and  F  a  point  in  a  vertical  line  tnrougli  <?.  The  angle  EDF 
as  understood  in  surveying  is  not  the  actual  angle  between  the  two  lines 
ED  and  DF,  but  the  horizontal  projection  of  that  angle,  i.e.,  the  angle 
HDG,  which  lies  in  a  horizontal  plane  through  D,  the  vertex. 

BC,  EH,  and  FG  are  vertical  distances  and  BAC\  EDH,  and  FDG  are 
vertical  angles.  If  A  is  at  the  sea-level,  BC  is  the  elevation  of  B  above 
the  mean  surface  of  the  earth ;  if  both  A  and  B-^aire  above  the  sea-level, 
then  BC  is  simply  the  difference  in  elevaiion  of  A  and  B. 


Fio.  6. 


♦About  0.7  ft.  in  one  mile  or  0.667i)2  miles  =  curvature  jn  fggf^  whei« 
rv  .    ^,       ,.  ,  .        .,       .       ^         ^  Square  of  distance 

D  ia  the  distance  m  miles,  i.e.,  Curvature  =  iif T- r z — nr' 

Mean  diameter  ol  earth 
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7.  Units  of  Measurement,  (a)  Linear  Units.  In  the  United 
States  the  unit  of  length  is  the  foot.  The  surveyor  uses  decimal 
parts  of  a  foot  instead  of  inches  and  fractions  of  an  inch.  For 
example,  in  surveying  50  ft.  9  in.  is  usually  given  as  50.75  ft. 
It  is  seldom  necessary  to  give  measurements  closer  than  the 
nearest  thousandth  of  a  foot;  more  often  the  nearest  hundredth 
or  even  tenth  of  a  foot  will  answer  every  purpose. 

Angvlar  units.  Angles  are  measured  in  degrees ^  minutes ,  and 
seconds,  '60  sec.  =  l  min.;  60  min.  =  l  deg.  One  degree  is  ^Ju 
part  of  the  circumference  of  a  circle.  Usually  angles  are 
measured  to  the  nearest  minute  or  half-minute. 

(a)  Changing  decimals  of  a  foot  to  inches.  For  the  student  who  is  accus- 
tomed to  fractions  of  an  inch  but  not  to  decimals  of  a  foot  it  is  helpful 
to  remember  that  0.01  ft.  is  approximately  i  inch.  A  difference,  for 
example,  between  two  measurements  of  0.01  ft.  seems  almost  inappre- 
ciable to  the  average  student  until  he  reali^f^s  that  it  is  i  inch.  Having 
fixed  this  relation  in  mind  he  can  readily  convert  decimals  of  a  foot  to 
inches  and  vice  versa. 

lUustration.  0.04  ft,«=4Xi"  =  i"  0.07  ft.  =  7Xi"'-i".  0.1ft.  =  10X 
if  =•  li''-  These  values  are  only  approximately  correct,  bat  near  enough 
for  most  purposes,  as  seen  from  the  following  table: 

Inches        Approximate        To  five  places 

i  0.01  ft  0.01042 

i  0.04  "  0.04167 

1  0.08  "  0.08333 

li  0.10  "  0.10417 

(6)  Other  Units.  In  certain  kinds  of  work  it  is  convenient  for 
the  surveyor  to  use  feet  and  inches,  and  it  is  often  necessary 
to  change  inches  to  a  decimal  of  a  foot  and  vice  versa.  A  useful 
table  for  this  purpose  is  given  in  the  back  of  this  book.  The 
foot  is  one  third  of  the  length  of  the  standard  yard.  The  standard 
yard  is  a  length  fixed  by  a  standard  bar  at  62°  Fah.  This  stand- 
ard length  was  originally  an  arbitrary  one.  The  standard  bar 
is  kept  in  the  Standards  Department  of  the  Board  of  Trade  in 
London.  In  some  countries,  France  for  example^  the  meter  is 
the  standard  of  length.  One  meter  =  3.2808333  ft.  The 
unit  of  length  in  Spanish  measures  is  the  vara,  several  values 
of  which  seem  to  be  in  use,  viz.:  California,  I  vara  =  33  inches; 
Texas,  1  vara==33J  inches;  Mexico,  1  vara  =  32.9931  inches. 

In  land  surveying  Gunter*s  chain  gives  rise  to  other  units,  viz., 
the  chain  and  the  link.  1  chain  =  66  ft. ,  1  link  =  66  -^100  =  0.66  ft . 
or  7.92  inches.  This  unit  is  based  upon  the  fact  that  ten  square 
chains  equal  an  acre,  i.e.,  10X66*'*  =  43  560  square  ft.  =  l  acre, 
i'o  reduce  links  to  feet:  Subtract  as  many  units  as  there  arc 
hundreds  of  links  and  take  §  of  the  remainder. 

lUustration.     50  links=  (50-0.50)X  J  =SS  it 
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8.  Seven  Methods  of  Locating;  a  Point.  The  object  of 
surveying  is  to  determine  the  relative  positions  of  points.  To 
locate  a  point  its  position  with  respect  to  at  least  two  other 
points  must  be  known.  Let  A  and  B  be  two  points  of  referenee» 
and  P  a  point 'to  be  located  with  respect  to  A  and  B,  The  five 
most  conmion  methods  are: 


Fib.  8a. 

1.  By  the  two  distances  AP  and  BP^ 

2.  By  the  distances  AC  and  CP  when  the  angle  at  C  is  00°. 
{CB  may  be  used  in  place  oi  AC) 

3.  By  the  angle  at  A  and  the  distance  AP,  (Or  the  angle  at  B 
and  the  distance  BP.) 

4.  By  the  angle  at  A  and  the  distance  BP.  (Or  the  angle  at 
B  and  the  distance  AP.) 

5.  By  two  angles,  one  at  A,  the  other  at  B, 

Notice  that  in  the  first  two  methods  no  angles  are  measured, 
and  that  in  the  fifth  method  no  distances  are  measured,  the 
distance  from  ^4  to  J5  being  known. 

Compare  the  fourth  method  with  the  third,  since  in  each 

method  one  angle  and  one  distance  are  meas- 
ured. 

Two  other  methods  used  for  locating  a  point 
are: 

6.  By  the  intersection  of  two  straight  lines 
between  four  known  points  A,  B,  C,  and  D. 

7.  By  two  angles  taken  at  the  point  to  be 
located,  and  formed  by  lines  to  three  known 
points  Ef  Fj  and  G. 

In  these  two  methods  no  distances  are 
measured,  although  of  course  the  distances 
between  the  given  points  of  reference  are 
known.  The  seventh  method  is  the  onlyon# 
of  all  seven  methods  in  which  an  anf^  is 
measured  ai  the  point  to  be  located. 
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tUmark,    A  largo  part  of  survejring  oonsisU  in  locating  two  or  more 

Eoints  or  stations  with  respect  to  each  otlier,  and  then  locating  boundary 
nes,   houses,   roads,    streams,    and   other   details   with   respect   to   these 
Bti^ions.     It  is  simply  performing  on  a  I^rge  scale  mi^ny  of  the  familiar 
operations  of  the  drat  ting-room,  using  the  tape  in  place  of  a  scale,  and  a 
transit  in  place  of  a  protractor. 

9.  Surveying, — General  Methods.  The  work  of  tho  sur- 
veyor may  be  divided  into  three  parts:  (1)  Field  Work;  (2) 
Ofp^e  Work;  (3)  Care  and  Adjustment  of  Instruments, 

(a)  Field  Work.  The  primary  operations  in  field  work  arc: 
(I)  Measuring  distances  (Chaps.  IV  and  V);  (2)  Measuring 
angles  (Chaps.  VIII-X);  and  (3)  Recording  field  notes  (Chaps.  Til 
and  XV).  Some  of  the  things  which  the  surveyor  has  to  do 
and  which  involve  these  three  primary  operations  may  -be 
outlined  as  follows: 

(4)  Establishing  points  and  lines  of  reference  with  respect 
to  which  all  details  of  the  survey  are  located  (Chaps.  XI  and 
XII). 

(5)  Locating  details  of  the  survey  with  respect  to  the  reference- 
points  and  lines  referred  to  in  (4)  (details  such  as  boundary- 
lines,  streets,  buildings,  fences,  rivers,  bridges,  and  other  im- 
portant features  of  the  tract  surveyed)  (Chaps.  XIII  and  XIV). 

(6)  Staking  out  roads,  boundaries,  buildings,  masonry  struc- 
tures, and  other  details,  the  reverse  of  (5)  (Chap.  XVII). 

(7)  Establishing  parallel  lines,  perpendiculars,  measuring  to 
inaccessible  points,  measuring  inaccessible  distances,  running 
straight  lines  through  obstacles,  and  doing  other  special  work 
depending  upon  geometrical  or  trigonometrical  constructions 
(Chaps.  VII  and  XVIII). 

(8)  Determining  the  relative  elevations  of  points  (Leveling, 
Chaps.  XIX-XXII). 

9.  Making  topographic  surveys  in  which  horizontal  and  ver- 
tical measurements  are  combined  (Chap.  XXVII). 

(6)  Office  Work.  The  indoor  work  of  the  surveyor  consists 
chiefly  of  (1)  drawing ^  and  (2)  computing.  The  drawing  con- 
sists mainly  in  plotting  measurements  to  scale,  and  therefore, 
to  a  large  extent,  in  reversing  on  paper  the  operations  in  the 
field.  The  computing  is  of  two  kinds  (1)  that  made  for  pur- 
poses of  plotting,  and  (2)  that  made  in  order  to  obtain  necessary 
data  and  information  concerning  the  tract  surveyed.  Some  of 
the  things  done  in  the  office,  which  are  treated  in  detail  in  Part 
II,  may  be  outlined  as  follows: 

(1)  Working  up  field  notes  preparatory  to  plotUtv^. 
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(2)  Plotting  reference  points  and  lines  which  form  the  skeleton 
of  the  map. 

(3)  Plotting  details  by  measurements  from  the  reference  points 
and  lines  referred  to  in  (2). 

(4)  Finishing  up  the  mapf  tracing,  lettering,  and  blue-printing. 

(5)  Calculating  hearings,  latitudes  and  departures,  immeasured 
distances  and  angles,  adjusting  measurements,  balancing  errors, 
and  making  other  computations  necessary  for  plotting. 

.  (6}  Calculating  areas ,  dividing  up  land,  calculating  angles 
and  dii^tances  to  be  laid  off  in  the  field,  and  making  computations 
to  obtain  all  other  data  which  may  be  desired. 

(7)  Preparing  level  notes  for  plotting. 

(8)  Plotting  profiles,  contour  lines,  and  other  level  notes.- 

(9)  Finishing  up  profiles, 

(10)  Calculating  grades,  cut  and  fill,  and  making  other  earth- 
work computations. 

(c)  The  Care  and  Adjustment  of  Instruments  implies  a 
thorough  acquaintance  with  the  instruments  themselves;  for 
the  most  part  this  must  be  gained  in  the  field, — not  from  books. 
There  is  much,  however,  concerning  the  construction  of  survey- 
ing instruments  which  is  not  evident  from  inspection,  and  there 
are  certain  directions  for  their  care  and  adjustment  which 
should  also  be  given.     This  information  will  be  found  in  Part 

m. ' 

10.  Important  Questions  in  Surveying  which  arise  in 
connection  with  the  field  woik  are:  (1)  Degree  of  accuracy 
required;    (2)  Methods  to  be  used;    (3)  Instruments  to  be  used; 

(4)  -Errors,  their  sources,  relative  importance,  and  prevention; 

(5)  Speed;  (6)  Systematizing  the  work;  (7)  Justifiable  cost  of 
the  survey.  These  questions  are  closely- related  to  each  other, 
and  depend  to  a  large  extent  on  the  purpose  for  which  a  survey 
is  made. 

1 1 .  The  Purpose  of  a  Survey.  The  following  illustrations 
indicate  how  the  purpose  of  a  survey  helps  to  determine  the 
degree  of  accuracy  required  and  to  decide  other  questions 
suggested  in  the  preceding  article. 

Illustrations.  A  particular  survey^ may  be  for  the  purpose  of 
making  a  rough  map,  plotted  to  small  scale,  say  1  inch  =200 
feet.  The  points  will  not  be  plotted  nearer  than  xJ^jth  of  ah 
inch;  hence  it  is  useless  to  take  measurements  nearer  tha^i  to 
the  nearest  two  feet. 
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Another  survey  may  be  for  a  map  also  to  small  scale,  tut 
exact  measurements  are  wanted  and  will  be  printed  on  the 
map.     Accurate  measurements  must  be  made  accordingly. 

A  survey  is  made  of  a  farm  worth  $20  an  acre.  The  value  of 
the  land  does  not  warrant  great  expense,  probably  not  more 
than  10  to  25  cents  pgr  acre:  but  very  accurate  work  costs 
money;  hence  very  adsurate  work  cannot  be  done,  and  the 
method  used  would  be  a  compass  survey  or  some  other  quick 
method. 

A  survey  is  made  of  a  city  lot  worth  $1000  a  front  foot.  Every 
fraction  of  a  foot  is  valuable;  hence  time  and  expense  are  not 
spared  in  getting  an  accurate  survey. 

A  surveyor  stakes  9tft  a  dirt  road;  he  sets  the  stakes  as 
nearly  on  line  and  gives  the  corresponding  grades  as  nearly 
as  he  can  without  wasting  time  in  splitting  hairs.  If,  however, 
he  is  giving  curb-line  and  grade  for  a  permanent  pavement, 
the  work  must  be  done  with  greater  precision. 

12.  Errors  In  Surveying.  It  is  essential  that  the  studont, 
early  in  his  course,  should  learn  to  distinguish  between  the 
different  kinds  of  errors  in  surveying,  to  recognize  their  relative 
importance,  and  to  use  the  customary  methods  of  prevention, 
correction,  and  distribution.  This  subject  is  at  once  so  large 
and  so  important  that  .the  whole  of  the  next  chapter  is  devoted 
to  it. 

13.  Accuracy  in  Surveying.  As  indicated  in  Art.  11,  p.  6, 
the  purpose  of  a  survey,  and  the  value  of  the  land  largely  deter- 
mine the  accuracy  needed  in  the  field  work.  In  addition,  the 
surveyor  may  be  handicapped  by  rough  country,  too  short  a 
time  for  work,  too  small  a  party,  poor  instruments,  bad  weather, 
and  many  other  unfavorable  conditions. 

(o)  Limits  of  error ^  therefore,  cannot  be  given  once  for  all. 
Before  beginning  a  survey  a  surveyor  should,  if  possible,  establish 
limits  of  error  for  himself,  i.e.,  how  close  to  read  angles,  how 
accurately  to  measure  distances.  In  this  he  is  guided  by  his 
own  experience  and  that  of  others.  He  should  know  what  is 
considered  good  work  under  given  conditions.  Rules  for  limits 
of  error,  however,  cannot  be  applied  blindly.  The  best  sur- 
veyor is  not  he  who  is  extremely  accurate  in  all  his  work,  but 
he  who  does  it  just  accurately  enough  for  the  purpose  without 
wa.ste  of  time  or  money. 

{b)  Consistent  accuracy.    In  fixing  limits  of  errQi  iQt  ?itv^^^ 
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and  distances,  have  the  two  consistent.  There  is  no  use  in  meas- 
uring angles  acctirately  and  corresponding  distances  roughly, 
or  vice  versa.  Measure  one  as  carefully  or  as  roughly  as  the 
other. 

Not  all  the  work  of  a  survey  is  done  with  the  same  precision. 
Transit  lines,  since  they  form  the  basis  of  all  measurements,  are 
usually  run  with  cafe,  for  an  etror  in  angle  or  distance  affects 
the  whol6  survey,  but  an  error  in  the  angle  or  in  the  distance  to 
a  corner  of  a  building,  for  example,  affects  only  the  locatkm  of 
that  corn6#  arid  not  the  whole  sufvey.  If  land  is  valuable, 
boundaries  are  usually  located  with  more  care  than  buildings 
and  other  details  for  obvious  reasons.  Make  the  precision  of  each 
step  in  the  field  work  cortespond  to  the  importance  of  that  step, 

14.  Speed  in  surveying  depends  to  a-  large  extent  ori  skill 
iri  handling  instruments.     Equally  important  afe: 

(1)  Planning  the  survey  arid  laying  out  the  work.     A  little 
foresight  in  the  choice  of  methods,  choice  of  instruments,  choice 
of  stations,  and  the  use  of  common  sens6  in  deciding  siriiila 
questions  will  save  time. 

(2)  Working  with  consistent  accuracy.  Much  time  is  wasted, 
not  only  by  students  but  by  experienced  surveyors,  in  ne^less 
refinements. 

(3)  Systematizing  the  work  in  order  to  avoid  delays  and  to 
save  unnecessary  operations. 

Speed  is  not  necessarily  the  result  of  hurrying;  it  is  more 
apt  to  be  the  result  of  economizing  time  along  the  lines  suggested 
in  this  article. 

15.  Systetii  in  surveying  not  only  economizes  time  but 
diminishes  the  charices  of  error.  There  are  many  things  in 
handling  instruments  and  in  othef  operations  of  field  work 
which  cari  be  done  always  in  the  same  way.  If  one  is  system- 
atic, much  of  this  work  becomes  second  nature,  and  mistakes 
are  thus  avoided.  Even  when  a  mistake  has  been  made  one 
will  often  become  conscious  of  it  because  of  the  violation  of 
some  fixed  habit  and  so  can  find  the  error  and  correct  it.  For 
similar  reasons  system  is  equally  valuable  in  recording  notes 
and  in  office  computations,  and  much  of  the  value  of  a  young 
s  irveyor's  services  lies  in  his  knowledge  of  his  employer's  sys- 
tem, and  in  his  ability  to  work  in  that  system. 

16.  Equipment.  The  equipment  needed  both  for  field 
work  and  for  oflfioe  woik  is  described  in  Part  III. 


CHAPTER  n 

ERRORS 

In  the  first  part  of  this  chapter  the  aim  is  to  define  the  different  kinds 
of  error,  and  to  show  how  these  errors  affect  measurements;  also  to  ex- 
plain how  the  mioft  probable  or  best  value  of  a  quantitj'  may  be  obt^ned, 
and  how  the  precision  of  measurements  may  be  judged.  In  the  second 
part  of  the  chapter  a  bdel  review  of  the  method  of  least  squares  is  given 
m  so  ^r  as  that  method  is  likely  to  \^  used  in  plane  surveving. 

Methods  of  preventing  or  eliminating>error8,  and  the  relative  importance 
of  errors  from  different  sources,  will  be  txeated  more  in  detail  in  subse- 
quent cl:^pters. 


17.  Error.  No  measurement  in  surveying  can  be  exact. 
The  difference  between  a  measurement  and  the  true_value  of 
the  quantity  measured  is  the  true  error  of  that  measurement. 
The  tnie  error  of  a  measurement  is  never  known,  for  the  true 
ralue  of  the  quantity  measured  is  never  kaown.  How  then 
can  a  surveyor  judge  of  the  precision  of  his  measurements, 
and  how  can  he  determine  the  most  probable  or  best  values 
of  the  quantities  measured?  These  are  the  main  questions  to 
be  considered  in  any  discussion  of  errors. 

18.  Sources  of  Error.  (1)  Natural;  (2)  Instrumental;  (3) 
Personal. 

(1)  Natural.  Temperature,  wind,  refraction,  action  of 
gravity,  obstacles  to  measurement. 

(2)  Instrumental.  Imperfections  in  the  construction  and 
adjustment  of  instruments.  Expansion,  contraction,  and  other 
possible  changes  in  the  instruments. 

(3)  Personal.  Imperfections  of  human  sight  and  touch. 
Actual  mistakes. 

19.  Three  Classes  of  Errors.  (1)  Mistakes;  (2)  Constant 
errors;  (3)  Accidental  errors.  If  a  measurement  of  a  quantity 
is  greater  than  the  true  value  of  that  quantity,  the  error  is  plus; 
if  less  than  the  true  value,  the  error  is  minus.    The  total  error 

Si 
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is  not  due  to  any  one  cause,  but  it  is  the  algebraic  sum  of  errors 
due  to  different  causes. 

Mistakes  are  errors  which  have  their  source  in  the  mind  of 
the  observer. 

Constant  errors  are  thoso  which  occur  from  well-understood 
causes  and  can  be  eliminated. 

Accidental  errors-  are  those  which  remain  after  mistakes  and 
constant  errors  have  been  eliminated. 

An  accidental  error  is  as  likely  to  be  plus  as  minus,  but  a 
constant  error  under  given  conditions  always  has  the  same 
sign  and  the  same  magnitude. 

Thus,  for  example,  if  a  tape  is  i"  too  long  because  of  high 
temperature,  this  is  a  constant  error,  because  under  the  same 
conditions,  i.e.,  the  same  temperature,  the  tape  will  always 
be  }"  too  long.  Under  changed  conditions,  i.e.,  low  tempera- 
ture, the  tape  may  become  too  short;  then  the  sign  of  the  error 
is  changed.  This  illustrates  how  a  constant  error  from  a  given 
source  may  be  plus  or  it  may  be  minus,  but  under  the  same 
conditions  it  cannot  be  plus  or  minus.  Suppose,  on  the  other 
hand,  that  an  observer  in  measuring  between  two  points  makes 
an  error,  in  reading  the  tape,  so  small  that  he  cannot  detect 
itj  This  accidental  error  is  as  likely  to  be  plus  as  minus,  and 
if  he  repeats  the  measurement  he  is  liable  to  make  a  similar 
error  and  that,  too,  is  as  likely  to  be  plus  as  minus. 

If  a  measurement  is  repeated  a  number  of  times  under  pre- 
cisely the  same  conditions,  the  constant  error  is  the  same  for 
.each  measurement,  both  in  sign  and  magnitude.  It  is  not 
reduced  or  affected  in  any  way  by  taking  the  mean  of  all  the 
measurements.  The  accidental  error  of  each  measurement,  on 
the  contrary,  is  as  likely  to  be  plus  as  minus^  and  the  accidental 
error  of  the  mean,  therefore,  is  likely  to  be  less  than  the  acci- 
dental error  of  any  one  measurement.  Theoretically,  that  part 
of  the  total  error  due  to  accidental  errors  would  entirely  dis- 
appoar  from  the  means  of  an  indefinitely  large  series  of  ob- 
servations, taken  under  precisely  the  same  conditions;  that 
part  due  to  constant  errors  would  still  remain. 

(a)  Illustrations.  A  few  illustrations  of  the  three  classes  of  errors  will 
help  to  make  the  distinctions  clear: 

Mistakes.  Errors  due  to  carelessness,  inexperience,  and  mental  con- 
T.ision,  such  as  mistakes  in  reading  the  tape,  the  vernier,  or  the  level-rod; 
keeping  the  wrong  count  of  tape-lengths;  turning  the  wrong  tangent  screw; 
lighting  at  the  wrong  station. 

Consiant  errors.      Errors  due  to  such  well-understood  sources  as  tern- 
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perature,  sag,  pull,  imperfect  graduation,  and  imperfect  adjustments  of 
instruments. 

Accidental  errors.  Errors  due  to  imperfections  of  h^mian  sight  and 
touch  which  render  it  impossible  to  make  exact  readings,  to  know  when 
the  cross-hair  exactly  bisects  a  sif^nal,  to  handle  instruments  delioutely; 
sudden  and  imperceptible  changes  in  an  instrument  itself;  indeterminate 
variations  in  pull,  temperature,  and  certain  other  sources  of  constant 
errors.  * 

(6)  Remark.  When  mistakes  are  very  small  it  is  sometimes  diffidiilt  to 
distinguish  them  from  accidental  errors.  It  is  to  be  noticed  also'  that 
while  temperature  is  a  source  of  constant  error,  variations  of  tempeiPature 
too  sinall  to  be  measured  may  be  classed  as  accidental  errors ;  tW  same 
is  true  of  small  variations  in  some  of  the  other  sources  of  constant  errors. 

Notice  also  that  constant  errors  from  different  sources  tend  to  balance 
each  other  when  some  are  pi 'is  and  some  are  minus;  as,  for  example,  when 
the  error  in  chaining  due  to  high  temperature  tends  to  balance  error  dre 
to  sag.  Ag;ain,  constant  errors  from  the  same  source  may  tend  to  balance 
each  other  in  the  mean  of  measurements  taken  under  different  conditions, 
as,  for  example,  when,  in  chaining,  part  of  the  measurements  of  a  line  are 
made  when  the  temperature  is  above  the  standard  temperature  for  the 
tape,  and  part  when  it  is  below. 

(c)  Cumulative  and  compensating  errors.  When  the  value  of 
a  quantity  is  found  by  adding  together  the  measurements  of 
several  smaller  quantities,  any  source  of  constant  error  becomes 
a  source  of  cumulative  errors,  because,  under  given  conditions, 
a  constant  error  always  has  the  same  sign; .  on  the  other  hand, 
any  source  of  accidental  error  becomes  a  source  of  compensatinj 
errors,  since  for  each  of  the  separate  measurements  the  sign 
is  as  likely  to  be  plus  as  minus.  Compensating  errors  tend  tc 
balance  each  other,  while  the  cumulative  errors  from  any  ont 
source  affect  the  total  result  in  the  same  way. 

(d)  Illustrations.  Any  constant  error  in  the  length  of  a  tape  becomes 
cumulative  when  the  tape  is  applied  several  times  in  measuring  a  line, 
i.e.,  when  the  tape-lengths  are  added  together,  for  the  total  error  due 
to  that  cause  will  vary  in  direct  proportion  tr  the  number  of  tape-lengths. 
On  the  other  hand,  errors  which  occur  in  marking  where  the  end  of  the 
tape  comes  each  time  that  it  is  stretched  are  compensating,  for  the  chances 
are  that  if  one  tape-length  is  marked  too  long  the  error  will  be  balanced 
by  another  tape-length  marked  too  short. 

Errors  due  to  the  settling  of  the  instrument  in  leveling  are  cumulative, 
because  the  effect  is  always  the  same:  it  makes  the  calculated  elevations 
of  succeeding  points  t6o  high.  Errors  due  to  the  difficulty  of  telling  when 
the  cross-hair  exactly  bisects  the  target  are  compensating. 

20.  Discrepancies.  In  ordinary  surveying  most  of  the  dis- 
tances, angles,  and  elevations  are  measured  but  once.  An 
important  measurement,  however,  is  often  repeated,  and  if  the 
discrepancy  is  too  large  the  quantity  is  measured  a  third  time. 

A  large  discrepancy  between  two  measurements  of  the  same 
quantity  indicates  a  mistake  in  the  work,  but  it  does  not  follow 
that  because  the  discrepancy  is  small  the  error  is  small.  The 
discrepancy  is  not  an  error,  it  is  simply  the  difference  between 
two  measurements  each  of  which  contains  an  error  that  may 
be  veiy  large.    This  k  an  important  point  too  oiten  o\^t\oc^^^ 
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(a)  Illtiitraitont  A  surveyor  measures  a  line,  the  true  length  of  wfaieh 
is  4(K)  ft.,  with  a  tane  which,  unknown  to  him,  is  jf  ft.  too  short.  The 
first  time  he  gets  402  ft.  and  the  second  time  402.05.  The  discrepancy 
is  only  0.05  ft.,  indicating  that  he  has  made  no  serious  mistake,  but  tfate 
true  error  is  2  ft.  for  the  first  measurement  and  2.05  ft.  for  the  aeeond. 

21.  Elimination  of  Constant  Errors.  The  discrepancy 
between  the  two  measurements  in  the  preceding  illustration 
did  not  indicate  the  true  error,  because  of  a  constant  error  in  the 
length  of  the  tape  which  no  amount  of  repeating  the  measure- 
ment imder  the  same  conditions  could  reveal.  The  surveyor 
should  have  known  that  his  tape  was  }  ft.  too  short,  and  have 
corrected  his  measurenients  accordingly;  then  the  discrepancy 
Would  have  indicated  more  nearly  the  precision  of  his  work. 
"^This  illustrates  why  it  is  the  first  business  of  the  surveyor  to 
eliminate  constant  errors  as  far  as  practicable.  A  mistake, 
as  revealed  by  a  discrepancy,  may  then  be  corrected  by  again 
repeating  the  measurement.  Constant  errors  and  mistakes 
having  been  eliminated  only  accidental  errors  remain,  and 
these  may  be  reduced  by  taking  the  arithmetical  mean. 

As  pointed  out  on  p.  11,  under  certain  conditions  constant 
errors  become  cumulative,  while  accidental  errors  are  com- 
pensating; hence  the  obvious  importance  of  eliminating  con- 
stant errors  in  chaining,  in  leveling,  and  in  all  similar  work 
involving  the  summation  of  separate  measurements. 

22.  Prevention  and  Elimination  of  Errors,  (a)  Mistakes 
are  best  discovered  by  systematic  checks.  Checking  work,  an 
essential  part  of  all  surveying,  consists  in  comparing  results 
with  known  conditions. 

tUuitratums.  The  discrepancy  between  duplicate  measurements  should 
be  small;  the  sum  of  two  or  more  measurements  should  equal  another 
fneasutement,  as,  for  example,  when  the  sum  of  two  angles  snould  equal 
a  third  angle:  the  sum  oi  two  ot  more  measurements  should  fulfill  some 
known  condition,  as,  for  example,  the  interior  angles  of  a  triangle  should 
add  up  180°. 

(6)  Constant  etrors  are  prevented  or  eliminated  partly  by 
feystematic  methods  of  field  Work,  partly  by  calculation  and 
correction. 

IHustrations.  Errors  due  to  imperfect  adjustment  can  be  eliminated  by 
Certain  fiystematic  methods  in  thg  use  of  instruments,  such,  for  example, 
as  the  method  of  double  reverse  or  making  backsights  and  foresights 
equal  in  leveling.  Reading  both  verniers  on  a  transit  eliminates  error 
due  to  ecdetttri6ity<  Each  of  these  examples  illustrates  how  hy  taking 
observations  in  pairs  a  plus  error  from  a  certain  source  of  constant  error 
mkv  be  offset  by  a  minus  error  from  the  same  source. 

Errors  in  chaining  due  to  tempetature  can  be  calculated  and  corrected; 
yrt  nan  errors  due  to  sag  And  pim,  though  it  is  better  to  prevent  them  by 
taking  proper  pmdAuiiotitt    (Sfee  Chapter  Y.) 
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(e)  Accidental  errors  cannot  be  eliminated,  but  they  follow  a 
mathematical  law, — the  law  of  probability, — acc6rding  to  which 
they  may  be  greatly  reduced  by  comparing  the  results  of  a  series 
of  measurements.     (See  p.  15.) 

23.  Relative     Importance    of    Errors    from    Different 
Sources.    It  is  evident  that  constant  and  cumulative  errors 
as  a  rule  are  more  important  than  accidental  and  compensating 
errors,  and  that  the  more  measurements  there  are  of  a  quan- 
tity the  less  the  mean  is  affected  by  accidental  errors.     Beyond 
this  it  is  difficult  to  make  any  general  statement.    Any  error 
large  enough  to  be  appreciable  should  usually  be  avoided  or  cor- 
rected but  appreciable  is  a  relative  term,  and  an  error  which 
is  appreciable  under  certain  conditions  is  inappreciable  under 
other  conditions.    Thus  for  example,  the  error  in  chaining  due 
to  changes  in  temperature  is  an  appreciable  error  provided  the 
precision  required  warrants  the  use  of  a  thermometer,  other- 
wise it  may  be  considered  inappreciable.    Errors  in  plane  sur- 
veying so  small  that  they  are  ignored  would  often  be  considered 
of  great  magnitude  in  geodetic  surveying. 

(a)  Remark  Th6  more  the  surveyor  khows  about  the  sources  and 
nature  of  errors  the  more  likely  he  is  to  judge  correctly  of  their  relative 
importance  He  must  know  that  some  sources  of  constant  or  cumulative 
errors  are  more  important  than  others,  and  that  certain  errors,  though 
they  may  be  compensating,  are  not  to  be  ignored.  A  more  thorough  treat- 
ment of  these  questions  is  given  in  the  chapters  on  Errors  in  Linear  Measure' 
metUt  Errara  in  Angular  measurement,  and  Errors  in  Leveling. 

24«  Probable  Values  and  the  Adjustment  of  Measure- 
ments Probable  values  are  found  from  observed  values. 
When  the  relations  between  observed  values  are  complicated  a 
knowledge  of  the  "theory  of  least  squares"  is  necessary.  Some 
simple  cases  which  frequently  occur  in  surveying  may  be  given, 
however,  without  entering  upon  that  subject. 

There  are  two  general  cases,  viz.:  (1)  When  the  measure- 
ments are  of  one  and  the  same  quantity;  (2)  When  the  measure- 
ments are  of  different  but  related  quantities. 

(a)  Several  measurements  of  the  same  quantity.  The  most 
probable  value  of  the  quantity  is  the  arithmetical  mean  of  all 
the  measurements,  provided  the  measurements  are  mxide  with 
equal  care. 

lUtutrtUiona.     Three   measurements    of   a   line   made   with   equal    care 
are  ieO.01»  leo.l,  and  160.03. 
160.03)  ^3  « 160.047.     Four 
gO«  81',  and  30'  30'.     The  n 
•fSO*  3y)+4-30*»  30'  15". 
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(6)  Measurements  of  several  related  quantities.  When  quanti- 
ties are  related  because  of  two  or  more  conditions  which  they 
must  fulfill,  the  problem  of  finding  the  most  probable  values 
of  these  related  quantities  properly  belongs  to  the  "  theory  of 
least  squares."  When,  however,  there  is  only  one  condition 
fixing  the  relations  between  the  quantities,  the  most  probable 
values,  as  a  rule,  can  be  easily  found.  Two  cases  under  this 
head  which  often  arise  in  surveying  arc;  (1)  when  the  sum 
of  saveral  measurements  should  equal  an  exact  quantity,  and 
(2)  when  the  sum  should  equal  some  other  measurement.  In 
the  -first  case  the  difference  between  the  sum  and  the  exa>ct 
quantity  is  a  true  error;  in  the  second  case  the  difference 
between  the  sum  and  a  measured  quantity  is  a  discrepancy, 

(c)  Case.  I.  When  the  sum  of  several  .measurements  should 
equal  an  exact  quantity  distribute  the  true  error  equally  among 
all  the  measurements.  The  results  will  be  the  most  probable 
values  of  the  measurements. 

lUuatration.  The  three  angles  of  a  triangle  adtl  up  179®  59'.  The  exact 
quantity  fixing  the  relations  between  the  measurener  ts  is  180°.  The  true 
error  is  1'  or  60''.  Hence  add  to  each  of  the  three  angles  one  third  of  60", 
or  2  J". 

In  the  same  way  the  most  probable  values  of  the  interior  angles  of  any 
polygon  may  be  found  by  finding  the  true  error  of  their  sum  according  to 
the  rule  on  p.  119,  and  distributing  this  error  eqiu.llv  among  all  the  angles. 
Notice,  however,  that  the  true  error  of  any  one  angle  is  not  known. 

(d)  Case  II.  When  the  sum  of  several  measurements  should 
equal  some  other  measurement  distribute  the  amount  of  the  dis- 
crepancy equally  among  all  of  the  measurementSy  including  that 
one  to  which  the  sum  should  be  equal.  In  this  case  the  check 
measurement  (i.e.,  the  total  measurement)  cannot  be*  exact, 
and,  if  all  the  measurements  are  made  with  the  same  care,  it 
is  likely  to  contain  an  error  equal  to  that  contained  in  each 

.of  the  smaller  measurements.  //,  however^  the  correction  is 
added  to  each  of  the  smaller  measurements,  it  must  be  subtracted 
from  the  total  measurement  and  vice  versa. 

(e)  Illustration.  If  in  the  illustration  of  Case  I  the  three  angles  had 
been  the  three  parts  of  a  fourth  angle  instead  of  the  three  angles  of  a 
triangle,  and  if  the  measured  value  of  the  fourth  angle  were  180°,  then 
180°  - 179°  59'  =  1 '  =  60"  is  the  discreiaancy.  The  correction  is  60"  -^-  4  =  15" 
instead  of  20",  and  this  correction  is  added  to  each  of  the  three  smaller 
angles  but  subtracted  from  the  total  angle.  The  most  probable  value  of 
the  latter  is,  therefore,  180°  - 15"  =  179°  59'  45". 

(/)  Illustration.  The  measured  value  of  ao.  aiiele  is  40°.  When  di\'ided 
into  two  angles  the  measurements  are  respectively  24°  30'  and  15°  29*. 
The  discrepancy  is  40°  -  (24°  30'  + 15°  29')  =  1'  =  60".  Three  measurements 
of  equal  care  are  involved,  hence  the  coT-reotion  i««  60"-»-3  =  20"  and  the 
most  probable  values  are  24°  30'  20",  15°  29'  20",  and  G9°  59'  40". 

(a)  Remark.  The  essential  difference  between  Cape  I  and  Case  II  is 
^Jiat  in  Case  I  the  quantity  used  as  a  check  has  a  true  value  which  cannot 
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be  changed,  while  in  Case  II  the  check  value  in  itwlf  a  measurement, 
and  liable,  therefore,  to  contain  an  error  equnl  to  that  contained  in  each 
of  the  smaller  measurementn.  The  method  in  C&ne  II  dfJCH  not  hcM  for 
a  number  of  linear  meaHuremento  of  different  lengths. 

25.  The  Theory  of  Errors  or  Method  of  Least  Squares  '*' 

The  "method  of  least  squares"  is  a  method  of  determining 
the  most  probable  or  best  result  of  observations.  It  is  based 
on  the  assumption  that  accidental  errors  will  entirely  dis- 
appear from  the  mean  of  an  indefinitely  large  series  of  inde- 
pendent observations  of  the  same  quantity  made  under  pre- 
cisely the  same  conditions,  and  that  therefore  if  constant  errora 
are  eliminated  from  these  observations  the  arithmetical  mean  is 
the  most  probahle  value  of  that  quantity.  In  practice,  how- 
ever, (1)  an  indefinitely  large  number  of  observations  cannot  be 
made,  (2)  no  two  observations  can  be  made  under  exactly  the 
same  conditions,  and  (3)  constant  errors  cannot  l>e  entirely 
eliminated.  It  follows,  therefore,  that  the  most  probable  value 
of  a  quantity  is  strictly  a  theoretical  value,  and  that  the  greater 
the  number  of  observations,  and  the  more  completely  constant 
errors  are  eliminated  from  these  observations,  the  nearer  the 
most  probable- vaXue  of  a  quantity  will  approach  the  true  value 
as  a  limit.  It  never  reaches  this  limit  (or  if  it  did,  there  would 
be  no  means  of  knowing  it),  and  therefore,  no  matter  how 
accurate  the  observations  may  be,  the  probaLl:)  value  always 
contains  an  error. 

(a)  A  residual  is  the  difference  between  <he  value  of  a  (luan- 
ticy  as  obtained  by  a  single  observation  and  the  most  probable 
value  of  that  quantity  as  obtained  by  a  numlxjr  of  observations. 
In  any  given  case  there  are  as  many  residuals  as  there  are 
observations. 

(6)  The  probable  error  of  a  quantity  is  a  magnitude  such  that 
the  chances  are  even  that  the  true  error  contained  in  that 
quantity  is  greater  or  less  than  the  probable  error. 

Jlhutraiion.  A  series  of  mea«urementH  of  the  length  of  a  line  given 
for  the  mean  or  moHt  probable  vnlue  52H.91  ft.,  nnd  the  prf»bable  error 
of  that  mean,  determined  by  a  method  to  be  cxi)laine(l  later,  \h  ±0.034  ft. 
This  means  that  it  is  an  even  wager  thnt  the  truo  error  contairiod  in 
52S.01  ft.  does  not  exceed  ±0.034  ft.  Notice  that  thi.n  i.s  quite  <iiflFerent 
from  saying  that  the  true  error  does  not  excee<l  ±  0.034  ft. 

26.  Use  made  of  Most  Probable  Values  and  Probable 
Errors.     Most  probable  values  are  used  in  surveying  for  the 

♦  It  IS  the  purpose  of  this  article  to  give  only  no  much  of  the  ♦heory 
of  errors  as  may  be  needed  in  the  Himi>le  caHc.s  which  ariw  iii  ()lane  flurvey- 
iniC'  F'o''  *  more  comprehennive  treatment  of  the  Hubject  consult  one 
dt  the  standard  works  on  the  method  of  leant  Kquare.s. 
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adjustment  of  measurements;  and  probable  errors  to  fndjcate 
the  precision  of  measurements. 

Most  probable  value.  The  simplest  and  most  common  cases 
of  adjusting  measurements  by  finding  the  arithmetical  mean 
have  already  been  given  on  p.  13. 

(a)  Probable  error  of  the  mean.  Suppose  that  a  seccmd  series 
of  measurements  of  the  length  of  the  line  in  the  preceding 
article  gives  528.94  ft.  for  the  mean  and  ±0.066  ft.  for  the 
probable  error  of  that  mean.  The  results  of  the  two  sets 
of  measurements  are: 

Most  probable  value  Probal^  enor 

528.91  dzO.034 

628.94  ±0.066 

The  probable  error  of  the  mean  of  all  the  measurements  in 
the  first  series  is  approximately  half  that  of  the  mean  as  deter- 
mined by  the  second  series.  This  indicates  that  the  precision 
of  the  first  result  (528.91)  may  be  regarded  as  twice  that  of 
the  second  (528.94). 

(6)  The  probaMe  error  of  a  single  observation  is  found  fraBi 
the  residuals  of  a  number  of  observations,  as  explained  in  the 
next  article.  If  it  is  necessary  to  take  a  number  of  observa- 
tions in  order  to  detennine  the  probable  error  of  a  single  ob- 
servation, why  not  be  content*  to  determine  the  probable  error 
of  the  mean  of  all  the  observations  and  stop  there?  Of  what 
use  is  the  probable  error  of  a  single  observation?  The  answer 
is  that,  having  determined  the  probable  error  of  a  single  ob- 
s^vatioa  under  given  conditions,  this  probable  error  indicates 
the  precision  which  may  be  expected  in  any  single  observation 
nade  under  the  same  conditions. 

lUuatration.  In  measuring  an  an^e  a  number  of  times  the  probable 
error  of  a  ^^gl^  observation  is  found  to  be  ±.%".  (See  p.  19.)  This 
means  that  for  any  other  apgle  measured  by  the  same  observer  wjth  the 
same  transit  under  practically  the  same  conditions  a  probable  eiror  may 
be  expected  of  about  ±8".  If  this  is  well  within  the  allowable  error, 
f^e  ot^rver  is  justi^d  in  proceeding  with  single  observations  of  all  an^e9 
that  can  be  measured  imder  the  given  conditions. 

(c)  Probable  errors  and  weights.  Probable  errors  afford  a  means 
of  finding  the  weights  which  should  be  given  different  sets  of  ol>- 
servations,  for  it  has  been  found  that  the  weights  of  observa- 
tions vary  inversely  as  the  squares  of  their  probable  errors. 

Ittustration.  On  p.  19  the  probable  error  of  the  mean  of  the  first  bet  of 
6b8^vatkMislB2.8"a  and  of  the  second  set  4.0".      Hence  the  weights  are 

^  ji§)^  ^  (W'  °'  ^^""^  as  3  to  1. 
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27.  To  Determine  Probably  Grrprn*  Tk»  {ormuUs  givco 
below  for  calculating  pj^obabl^  errors  are  based  on  the  follow- 
ing assumptions: 

0,)  That  fip^l  errors  are  more  frequent  thai^  large  oi^es. 

(2)  That  positive  and  negative  errors  are  equajly  f recjuent. 

(3)  That  very  large  errors  do  not  occur. 

Additional  points  to  be  kept  in  mind  are:  (1)  Constant  errors 
must  be  eliminated  as  far  as  practicable;  (2)  Observations 
should  be  made  m4»T  as  nen^^ly  tim  Aame  lOo^itipQs  »»  possible. 
(3)  A*  lew.t  thfeQ  Qhs^TY^ioaM  /should  be  m*(ie,  If  tiere  are 
only  two  observations,  the  discrepancy  will  indicate  the  pre- 
cision as  truly  as  will  the  probable  error.  The  more  observa- 
Ibjbos  tj^BS  gkWf^  tt^  ffi^m  9iffai^^^^  ^^y  be  a.t4»jch»i  to  the 
probable  error,  although  a  small  numl>9r  of  ^observations  will 
f^ve  B^rpfw^a^ly  §a4ia(M4itory  nesulibs  if  ithe  otb^r  conditions 
aljre^y  mfisH^it^  .4#e  f^^ipied. 

(a)  Remark.  The  student  ie  warBAd  4gc!iia8t  attaching  importance  to 
probable  errors  unle^  he  is  reasonably  sure  that  the  above  conditions 
are  f«4^e4;  eaatei&iXy  tfofU;  pertainij^g  to  t]fe  e^isEM#»fbUoa  of  constant 
errors.  SlAce  ihfi  ogijBlhoa  of  least  squares  is  based  on  the  arithmetical 
mean  as  tfaie  most  poobajaie  yaiue,  and  sinoe,  as  pcHsted  out  on  p.  10, 
jpoi^st^lAt  errors  cannot  be  ejiimiij^ted  by  takine  the  mean  of  observations, 
the  more  completely  the  constant  errors  iire  eliminated,  or  corrected,  the 
more  applioabie  is  t.he  met^iod  ^  hs^st  s^^res.  If,  for  eacample,  a  tape 
is  too  long,  all  measarements  made  with  it  will  be  too  short,  and  there 
is  no  magic  in  loiast  sq^xes  which  will  correct  the  i^esuits.  The  probable 
error  in  mis  jcase  kf^  its  «i|^fipance  unless  ^ac^  of  the  ^aeparate  measure- 
ments from  the  mean^f  F^ich  the  probable  error  is  derived  u  first  corrected 
for  the  constant  error  in  the  length  of  the  tape. 

28.  Formulas  for  ProbaWe  Errors.* 

Let  n=the  number  of  the  observations; 

v»the  differenoe  between  any  one  observation  and  the 
tDBm  of  all  the  observi^tiiQ^,   i.e.,   tjbe  residual 
error  (p.  15); 
^=the  probable  jMTor  of  a  single  observation; 
£o  =  the  probable  error  of  the  mean  of  /all  the  observations; 
jr  =  a  symbol  signifying  sum  of. 
Then,  from  the  theory  of  least  squares, 

/  v„2  0.6745     i — .  ,  ^ 

^=0.67454/^,    or    '-j=VJ?; (1) 

r    n~l  Vn— 1 

E  /     In^  0.6745       / — - 

^     Vn  y  n{ri-\)  VnCn-J) 

Let  jrp=8um  of  the  weights  and  R^  tfce  probable  error  of  the 
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general  or  weighted  mean;  then 

V    (n  — 


D^P 


(3) 


Ijet  i2«  =  the  probable  error  of  the  sum  or  difference  of  several 
independent  quantities  z,  Zi,  22,  »  .  .  Zn. 

r,  ri,r2, .  . .  rn  =  the  probable  errors  of  Zi,  22,  .  . .  ^m  respectively. 

R^^Vr'  +  n'-rJj...  +rn\      ....     (4) 

The  probable  error  of  a  product  Az,  where  A  is  a  known 

quantity,  z  an  observed  quantity,  and  r  the  probable  error  of 

z,  is 

i2p2=AV,    or    Rp=Ar (5) 

Let  SSi=axi  area  found  by  multiplying  together  the  measured 

sides  S  and  Si] 
r  and  n  =  the  probable  errors  of  S  and  Si  respectively.    Then 

the  probable  error  of  the  computed  area  SSi  is 

Ra  =  ^ShJTs7r^. (6) 

29.  Abbreviated  Methods.  In  applying  the  formulas  of 
the  preceding  article  approximate  values  will  often  be  all  that 
are  required.  For  this  purpose  the  two  following  equations  may 
be  substituted  for  equations  (1)  and  (2)  respectively: 


E= 


0.8453^1; 


(7) 


„     0.8453^1; 
nVn— 1 


(8) 


Vn(n-l) 

When  there  are  only  two  observations  and  D  is  the  dis- 
crepancy between  them, 

E=C)A7D  or  roughly  JZ)  and  Eo=O.SS7D  or  roughly  iD.     (9) 

In  formulas  (1)  and  (2)  work  may  be  saved  by  using  the 
coefficients  given  in  the  following  table: 


Single 

Series  of 

Single 

'  -Seijes  of 

Observations, 

Observations, 

Observations, 

Observations, 

n 

0.6745 
Vn-1 

0.6745 

n 

0.6745 
Vn-1 

0^745 

Vn(n-l) 

VMn-l) 

11 

0.2133 

0.0643 

2 

0.6745 

0.4769 

12 

0.2034* 

0.0587 

3 

0.4769 

0.2754 

13 

0.1947 

0.0540 

4 

0.3894 

0.1947 

14 

0.1871 

0.0500 

5 

0.3372 

0.1508 

15 

0.1803 

0  0465 

6 

0.3016 

0.1231 

16 

0.1742 

0  0435 

7 

0.2754 

0.1041 

17 

0.1686 

0  0409 

8 

0.2549 

0.0901 

18 

0 . 1636 

0  0386 

9 

0 .  2385 

0.0795 

19 

0.1590 

0  0365 

10 

0.2248 

0.0711 

20 

0.1547 

0  0346 
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A  table  of  squares  and  square  roots  greatly  facilitates  the 
work.  Other  tables  similar  to  that  given  above  will  be  found 
in  standard  text-books  on  least  squares. 

30.  Illustration  of  the  Method  of  Least  Squares  Applied 
to  Angles.* 


First  Observer 

Second  Observer 

No. 

Angl3 

V 

ifl 

No. 

Angle 

V 

r2 

1 

60°  23'  23" 

4 

16 

1 

60°  23'  50" 

14 

196 

2 

30 

6 

36 

2 

21    00 

24 

576 

3 

10 

14 

196 

3 

20   40 

4 

16 

4 

20 

4 

16 

4 

20 

16 

256 

5 

40 

16 

256 

5 

30 

6 

36 

6 

10 

14 

196 

6 

10 

26 

676 

7 

20 

4 

16 

7 

23 

16 

256 

8 

40 

16 

256 

8 

21    00 

24 

576 

8)190             Iv^ 

=  988 

8n62  170           i'v2  =  2588 

Mean  =60°  20'  24"- 

Mean  =  60°  23'  36"  + 

!?„»    «-6745  ^r^^ 

^0-   J'^'''    -^I^ 

Vn(n-l) 

Vn(n-l) 

-0.0901  X(±31.4)=  ±2.8 

rt 

=  0.0901  X(  ±50.9)  =±4.6" 

£  =  £;oV'n=±2.8"X2.8=± 

8.0' 

E  =  Eo'^=  ±4.6"  X  2.8=  ±12.9" 
-» 

Illustration.  The  reeillts  given  above  were  obtained  by  two  difiFerent 
observers  using  different  transits.  The  probable  error  of  the  mean  in 
the  first  case  is  ±2.8",  while  in  the  second  it  is  ±4.6".  This  indicates 
thiit  the  relative  precision  of  the  work  of  the  two  observers  is  as  2.8  to 
4.6.  or  nearly  as  5  to  3. 

To  find  the  moat  probable  value  of  the  an^le  by  comparing  the  mean 
values  of  the  two  series  of  observations  it  is  necessary  to  weight  their 
mean  values.     Since  weights  are  inversely  proportional  to  the  squares  of 

probable  errors,  p.  16,  the  weights  are  as  ^-oj  to  4~fi2'  °'*  ^e8.rly  as  3  to  1. 

The  most  probable  value  is  60°  20'+        -^^^•^^    ^^  =  60°  20'  27". 
The  probable  error  of  the  above  value  may  be  obtained  as  follows: 


24"  =  «i  and  36"  =  ^2. 
From  (6)  j 


±2.8"  =  ri  and   ±4.6"  =  r2,        |  =  /1,  and  \~^A. 


Prob.  error  of  Ai2,or24Xi  =  ^ir;  =  (iX  ±2.8")=  ±2.1"   =«;,, 
**      **  A222or36Xi  =  A2r2=(iX  ±4.6")=  ±  1.15"  =  ftp^. 

The  probable  error  of  the  sum  of  (24"  X  i)  +  (36"  X  i)  is,  from  (4), 
fi,  =  >/ftp2  +  ftpi2=  V2.12-|-1.152=  ±2.4". 


*  For  an  illustration  of  the  method  of  least  nquares  applied  to  linear 
ineasurements,  see  p*  59. 


CHAPTER  III 
FIELD  NOTES 

In  this  dhapter  are  given  the  general  directions  and  flnggestioius  which 
hold  good  for  tdl  kinds  of  field  notes.  Ifl  Chapter  XV  wffl  be  found  8pe<*ia1 
directions  for  keeping  the  twteM  of  a  transit  survey,  aftd  also  some  illus- 
trations of  the  fortns  in  common  use.  Forms  of  notes  for  stadia  survey- 
ing, topogfaphic  surveying,  compass  surveying,  and  leveling  are  given  m 
the  corresponding  chapters  on  those  subjects. 


31.  Field  Notes.  Field  notes  are  written  records  of  field 
work,  made  at  the  time  the  work  is  done;  notes  made  afterwards, 
or  notes  copied  from  field  notes,  may  be  useful,  but  they  are 
not  field  notes.  Field  notes  must  be  as  complete  and  accurate 
as  possible,  for  the  most  careful  and  reliable  field  work  will 
be  of  little  or  no  value  if  the  record  of  that  work  is  Unreliable. 
That  is  why  engineers  often  prefer  to  keep  the  field  notes  them*- 
selves  rather  than  trust  them  to  a  less  experienced  assistant. 
Th6  student  must  realize  at  the  beginning  of  thd  Course  that  not 
only  is  recording  field  notes  as  important  as  any  part  of  the 
field  work,  but  it  id  perhaps  the  most  difficult  thing  he  will 
be  called  upon  to  do,  and  will  require  all  the  alertness,  care, 
accuracy,  and  intelligence  which  he  can  command. 

Note.  To  keep  field  notes  satisfactorily  one  must  have  had  long  ex- 
perience in  practical  work.  It  is  not  expeeted  that  the  student  can  do 
it  at  the  outset,  indeed  comparatively  few  meb  in  actual  practice  are 
good  note-keepers,  but  this  is  all  the  more  reason  why  instructor  and 
stude&t  alike  should  pay  special  attention  to  pet-fecting  the  student's 
ability  in  note-keeping. 

32.  Methods  of  Keeping  Notes.  Methods  of  note-keying 
arfe  different  for  different  kinds  of  work,  and  will  be  given  in 
detail  as  the  work  may  require.  It  must  be  remembered,  how- 
ever, that  there  may  be  many  methods  equally  good  for  a  given 
kind  of  work,  that  an  engineer  must  choose  the  one  best  adapted 
to  his  needs,  and  that  as  a  rule  of  the  many  good  methods  in 
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ocrminon  use,  only  one  or  two  illustrations  are  given  in  this 
book  for  each  kind  of  work* 

33.  Field  Notes-^Qeneral  Suggestions. 

(1)  Use  a  good  note-book  that  will  stand  hard  usage. 

(2)  Use  a  hard  sharp  pencil — 3  H  or  4  H;  never  a  pencil 
soft  enough  to  blur. 

(3)  The  notes  should  read  from  left  to  right,  and  from  the 
bottom  up  as  in  working  'drawings.  In  printing  vertically 
hold  the  right-hand  edge  of  the  book  towards  you. 

(4)  Trust  nothing  to  memory;  when  in  doubt  as  to  whether 
or  not  an  item  will  be  needed,  put  it  in. 

(5)  Constantly  ask  yourself  what  will  be  needed  in  your 
notes  in  the  office  work.  To  answer  this  you  must  know  the 
purpose  of  the  work;  if  it  is  a  survey  and  a  map  is  to  be  plotted 
from  the  notes,  what  the  map  is  to  be  used  for,  and  what,  there- 
fore, should  go  on  the  map;  if  leveling,  what  is  to  be  done  with 
the  data  obtained. 

(6)  If  a  page  of  notes  becomes  illegible,  make  a  copy  of  it 
while  the  data  are  fresh  in  mind,  but  mark  it  *'COPY,"  and 
preserve  the  original  page. 

(7)  The  notes  of  a  survey  should  be  preceded  by  a  title-page, 
and  if  there  are  many  pages,  there  should  be  an  index.  At  the 
top  of  each  page  print  a  descriptive  title  so  that  one  can  tell  at 
a  glance  what  the  notes  on  that  page  are  about. 

(8)  Notes  should  be  signed  each  day  by  the  note-keeper. 

(9)  It  is  usually  desirable  to  at  least  indicate  all  the  numeri- 
cal work  of  the  calculations  and  reductions  made  in  the  field. 
If  the  numerical  work  itself  is  done  in  the  note-book,  it  should 
not  be  allowed  to  obscure  the  main  notes,  and  hence  it  is  often 
best  to  put  such  computations  on  separate  pages  and  cross^ 
reference  them.  This  does  not  mean  that  numerical  work  is 
to  be  scribbled  in  the  note-book  at  random ;  on  the  contrary,  it 
should  be  kept  in  as  neat  and  systematic  a  manner  as  any  other 
portion  of  the  notes. 

34.  Tlie  Three  Parts  of  Field  Notes.  Field  notes  like 
Working  drawings  may  be  subdivided  into  three  parts: 

(1)  Numerical  values.  Records  of  all  measurements  (angles 
and  distances). 

(2)  Sketches,  Records  of  outlines,  relative  locations,  topo- 
gmphic  features. 

(3)  ExplatUitory  notes.    All  notes  of  an  explatveA^T^  tL^\>\t^ 
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which  make  clear  those  sketches  and  numerical  values  tha^ 
might  otherwise  be  obscure  or  misunderstood.  Also  data  that 
may  be  of  future  value,  such  as  names  of  the  surveying  party, 
any  special  or  unusual  conditions  under  which  the  work  was 
done,  equipment,  weather,  and  date. 
35.  Numerical  Values. 

(1)  Make  plain  figures.  Words  can  be  guessed  at,  but  not 
figures. 

(2)  Make  large  fibres.  The  tendency  of  the  beginner  is  to 
make  his  numerals  too  smaH. 

(3)  Never  write  one  figure  on  top  of  another,  A  constant 
source  of  annoyance  and  error.  If,  for  example,  a  5  is  written 
and  then  a  7  on  top  of  it,  how  is  one  to  know  which  is  correct? 

(4)  Do  not  try  to  change  one  figure  into  another;  for  example^ 
a  3  into  a  5  or  a  2  into  a  3.     The  reason  is  obvious. 

(5)  Erasinj.  Avoid  erasing.  Draw  a  line  through  an  incor- 
rect value  and  write  the  correct  value  directly  above  or  near 
by.  This  will  show  that  a  mistake  was  noticed  in  the  field  and 
corrected,  thus  giving  double  weight  to  the  corrected  value, 
while  erasing  or  changing  a  figure  leaves  the  impression  of 
'* doctoring"  the  notes.  When  it  becomes  necessary  to  alter  a 
sketch  or  to  make  any  part  of  the  notes  clearer  erasing  •is  justi- 
fiable, provided  nothing  is  lost  which  would  give  added  weight 
to  the  notes. 

(G)  Measurements  or  sketches.  If  measurements  are  put  di- 
rectly on  the  sketches,  make  it  clear  where  they  belong.  The 
use  of  dimension-lines,  as  in  working  drawings,  is  often  neces- 
sary. When  the  space  on  the  sketch  is  too  small  for  figures,  a 
measurement  may  be  placed  to  one  side,  and  an  arrow  drawn  to 
indicate  where  the  measurement  should  go. 

(7)  Recording  measurements.  In  recording  measurements  as 
they  are  being  taken  in  the  field  there  are  two  sources  of  trouble: 
(1)  Measurements  omitted  because  not  taken.  (2)  Measure- 
ments misunderstood  as  they  are  called  out. 

(1)  The  note-keeper  must  therefore  be  on  the  alert  to  see 
that  every  measurement  that  should  be  recorded  is  taken  and 
that  every  measurement  taken  is  recorded. 

(2)  The  note-keeper  should  repeat,  loudly  enough  to  be  dis- 
tinctly heard,  all  measurements  which  others  may  call  out  to 
him  to  record.  Measurements  not  taken  in  the  presence  of  the 
note-keeper  should  be  given  to  him  in  writing.     For  example, 
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if  the  note-keeper  is  busy  taking  transit  notes  and  the  chain- 
^  men  are  at  work  elsewhere,  they   should   report   all  measure- 
ments to  him  in  writing  at  the  first  opportunity. 
36.  Sketches. 

(1)  Scale.  Sketches  are  almost  never  made  to  scale;  in  fact 
it  is  usually  necessary  to  exaggerate  certain  portions  of  the 
sketch  for  the  sake  of  clearness. 

(2)  Make  sketches  large,  open,  and  clear.  Use  the  pages  of 
the  note-book  generously — they  are  cheap  compared  with  time 

.  wasted  in  deciphering  crowded  notes. 

(3)  Use  of  straight-edge.  Sketches  are  made  free-hand,  but 
frequently  time  may  be  saved  and  the  sketch  greatly  improved 
by  using  a  straight-edge  for  the  straight  lines.  A  small  triangle 
carried  in  the  pocket  will  be  found  useful. 

(4)  Angles.  The  protractor  is  seldom  used  in  the  field;  angles 
are  either  guessed  at  or  no  attempt  is  made  to  draw  them  true 
size. 

(5)  Exaggeration  of  details,  or  portions  of  a  sketch  drawn 
larger  size  at  one  side  of  the  main  sketch,  or  on  another  page, 
is  often  necessary. 

(6)  What  a  sketch  should  show  must  be  determined  on  the 
spot  by  the  note-keeper,  and  for  the  most  part  before  he  begins 
the  sketch. 

(7)  When  to  make  a  sketch.  In  general,  if  measurements  can- 
not be  easily  described,  or  if  the  description  (in  words)  of  a 
series  of  measurements  would  take  more  time  or  space  tlian 
would  be  required  for  a  sketch,  make  a  sketch.  Always  make 
a  sketch  when  it  will  settle  beyond  question  any  doubt  which 
otherwise  might  arise  in  the  interpretation  of  the  notes. 

^7.  Explanatory  Notes. 

.(i)  Object.  To  make  clear  that  which  is  not  perfectly  evi- 
dent from  numerals  and  sketches,  and  to  record  such  informa- 
tion concerning  important  features  of  the  ground  covered  and 
the  work  done  as  might  be  of  possible  use  later.  In  addition, 
to  give  for  future  reference  names  of  party,  date,  weather, 
equipment,  and  special  conditions  under  which  the  work  was 
done. 

(2)  Lettering.  The  common  practice  is  to  print  notes,  using 
some  good  style  of  free-hand  lettering.  Compactness  and  legi- 
bility are  gained  by  such  lettering  well  done.  In  many  cases 
ordinary  handwriting  can  be  used  provided  it  is  a,s  V^^^V'^  ^^ 
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good    free-h^i^    printing.     One    method    used    for    fiee4iAn4 
lettering  is  given  in  the  next  article. 

(3)  Place  the  noie^  in  vacant  ^aces  where  they  will  not  inr 
terfere  with  or  obscure  numerals,  dimension-lines,  or  fiketc^es. 

(4)  When  needed.  Ask  yourself  in  a  given  case  if  the  dimen- 
sions you  have  put  down,  or  the  sketch  you  have  made,  could 
possibly  need  oral  explanation  should  sp^ie  one  else  use  the 
notes.  If  m  doubt,  put  the  explanation  in  writing  i^  the  notes 
thems^ves. 

38.  Free-hand  Lettering.  The  style  of  lettering  pecom^ 
mended  for  field  notes  is  the  "sipglenstroke"  lettering.  It  is  a 
surprisingly  e^y  system  to  learn,  and  it  is  especially  ad9i>ted 
to  rapid  not^-taking  bec^^use  of  its  simpUcity.  In  this  article 
the  essential  features  of  this  system  ape  given  in  so  far  as  they 
apply  to  held  notes.  For  a  more  thorough  treatment  of  single- 
stroke  letteriQg  the  student  is  referred  to  a&  excellent  little 
book  on  that  subject  by  Mr.  Charles  W.  Reinhardt.* 

The  student  is  urged  to  practice  until  he  can  letter  almost  as  rapidly 
as  he  can  write.  When  he  can  do  this  apd  do  it  well  he  h«8  acquired 
something  of  great  value,  not  only  for  recording  field  notes  but  for  other 
lines  of  work.  Even  a  few  hours'  intelligent  practice,  in  which  the  direc- 
iian  an4  tue/^uence  of  the  strokes  ^^j^  carefully  observed,  will  yield  results  well 
worth  attaining. 

P  000000000000000 

a  bodegbmoopqoeo 

Fig.  38(a). 

(a)  In  Fig.  38  (a)  it  is  seen  that  fifteen  of  the  lower-case  letters 
of  the  alphabet  can  be  formed  with  a  small  ellipse  as  j^  hiS^is; 
the  other  nine  can  be  formed  with  straight  lines.  This  metj^od 
of  forming  letters,  however,  is  not  recomiyiended,  but  is  in- 
serted here  as  introductory  to  a  method  somewhat  similar. 
In  Fig.  38  (6)  this  other  method  is  shown.  * 

(6)  The  methods,  given  in  this  article  for  forming  inchned 
letters  hold  good  also  for  upright  letters.  Inclined  letters, 
however,  can  be  made  more  rapidly  and  with  greater  uniformity 
by  the  average  man.     In  Fig.  38  (6)  the  arrows  in  the  first 

*  Mr.  Reinhardt*8  book  on  lettering  ^Eogi^eerinj;  News  P\iblishing  Co.^ 
New  York  City)  was  one  of  the  first  4;oin^cate  the  sequence  and  direction 
of  the  septate  strokes  by  arrows,  and  it  Jlias  4otfae  <9V(<ih  to  improv-e  ^ff^ 
hand  lettenng  among  draftsmen  throughout  the  country. 


TtELD  NOTES. 


2S 


arid  fourth  rows  indicate  the  directions  of  the  strokes;    in 
the  second  and  fifth  lines  the  completed  letters  are  shown;    in 


cidgq 
adgq 


bp 


ce  OS 
ceo  5 


hmnu 
hmtn/ 


f  i  J  k  I  r  f  V  w  X  y  z 
f  i  j  k  1  r  r  V  i^  X  y  1, 
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FiQ.  38  (6). 

the  third  and  rfxth  lines  inCotred  methods  of  forming  letters 
are  illustrated.  The  main  points  to  keep  in  mind  concerning 
the  different  letters  are  as  follows: 

(1)  The  ty  /,  I J  and  c  are  the  only  letters  made  with  one  con- 
tiliuous  stroke. 

(2)  The  strokes  in  each  letter  are  as  far  as  possible  downward. 
The  slope  of  the  main  stem  with  few  exceptions  is  about  1 
to  2J.    [For  height  of  letters  see  p.  29,  Art.  38  (/).] 

(3)  The  order  or  sequetice  of  strokes  is  from  left  to  right, 
except  in  ^,  U,  k,  Xf  and  z, 

(4)  In  the  first  group,  a,  d,  g,  and  q,  the  only  difference  be- 
tween the  letters  is  in  the  third  stroke.  In  each  of  these  letters 
th^  secoftd  or  middle  stroke  is  flatter  than  the  fifst  in  order 
that  there  may  be  a  clear  space  between  the  second  stroke  and 
the  vertical  stem.  In  order  to  aroid  the  effect  shown  in  the 
third  row  which  oomes  from  not  doing  this,  it  may  be  well  for 
the  beginner  to  exaggerate,  somewhat,  the  ''hump"  in  the  first 
stroke  and  then  make  the  second  stroke  almost  straight. 

(5)  In  the  letters  h  and  p  the  oval  is  wider  at  the  top  than  at 
the  bottom. 

(6)  The  hama  of  each  of  the  letters  in  the  third  group,  c,  c, 
o,  and  s,  is  an  inclined  ellipse.     The  e  is  made  with  Ivio  «,\;TC\Vfc^\ 
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if  made  with  one  it  is  apt  to  have  a  different  slant  from  the 
other  letters,  as  shown  in  the  third  line.  Notice  that  the  first 
stroke  of  the  s  is  started  in  the  opposite  direction  from  that 
naturally  expected.  Some  draftsmen  prefer  to  make  the  8  in 
two  strokes  instead  of  three  as  shown  in  the  supplementary  8. 
The  o  is  made  with  two  strokes  each  of  which  should  begin  and 
end  almost  horizontally  in  order  that  the  two  strokes  may  meet 
in  a  smooth  curve  and  not  in  a  sharp  apex;  this  also  gives 
proper  width  to  the  o  without  making  it  round. 

(7)  In  the  letters  of  the  fourth  group,  h,  m,  n,  and  u,  the 
first  effort  should  be  to  get  the  vertical  strokes  parallel.  'The 
second  stroke  in  h,  m,  and  n  should  not  be  started  teo  far  up 
the  first  stroke,  and  it  should  make  almost  a  sharp  turn  at  the 
upper  corner.  The  first  stroke  should  not  begin  with  a  curve. 
Notice  that  the  third  stroke  of  the  u  is  at  the  bottom,  the  other 
two  strokes  being  made  first  to  secure  parallelism  and  proper 
width  of  letter. 

(8)  In  the  letters  g,  q,  h,  p,  j,  Z,  and  y  the  portion  above  or 
below  the  main  body  of  the  letter  is  a  little  less  than  one  half 
the  total  height  of  the  letter;   in  the  letter  t  it  is  still  less. 

(9)  In  the  letter  k  the  third  stroke  does  not  start  at  the  in- 
tersection of  the  other  two.  Make  the  second  stroke  strike 
pretty  near  the  bottom  of  the  first  and  begin  it  well  to  the  right 
so  that  the  letter  will  not  be  too  narrow.  Notice  that  the 
second  stroke  of  the  r  is  upward. 

(10)  In  the  letters  v,  w,  x,  and  y  make  the  strokes  in  one 
direction  almost  vertical,  and  the  strokes  in  the  opposite  direc- 
tion at  a  considerable  slant,  so  that  the  main  axis  of  the  letter 
may  have  the  slope  corresponding  to  that  of  other  letters.  The 
intersection  of  the  two  strokes  in  a:  is  a  little  more  than  half- 
way up. 

(li)  In  the  letters  k,  v,  w,  x,  y,  and  z  make  the  angles  at  the 
intersection  of  lines  clear  and  sharp. 

(12)  In  the  letters  ^,  /,  and  y  the  stroke  extending  below 
the  line  is  straight  until  just  at  the  end  it  turns  sharply  to  the 
left,  forming  a  small  hook. 

(13)  The  cross-strokes  in  the  /  and  t  are  on  a  line  with  the 
tops  of  most  of  the  other  letters. 

(c)  Good  numerals  are  even  more  important  than  good 
letters  in  field  notes:  they  must  be  made  unmistakable.  The 
main  points  to  be  kept  in  mind  are; 
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(1)  Make  figures  somewhat  larger  than  lower-case  letters. 
Reinhardt  gives  the  height  equal  to  that  of  capital  letters, 
but  this  is  rather  large  for  field  notes.     [See  Art.  38  (/).] 

(2)  In  the  2  the  down  curve  is  reversed  and  the  base  is  straight. 
Avoid  the  effect  shown  in  the  third  line.    Some  draftsmen  pre- 

2  3^  8 

Fig.  38(c). 

fer  an  abrupt  turn  or  angle  in  the  down-stroke  as  shown  in  the 
supplementary  2. 

(3)  Of  the  two  kinds  of  3's  that  with  its  upper  line  hori- 
zontal and  straight  is  perhaps  the  easier  to  make.  The  lower 
loop  should  begin  with  a  sharp  turn  upward^  and  its  height 
should  be  more  than  half  the  total  height  of  the  numeral. 

(4)  Of  the  two  kinds  of  4's  that  shown  in  the  top  row  seems 
to  be  preferred.  The  first  stroke  begins  at  about  45°,  and 
should  extend  more  than  half-way  down  the  figure  before  turn- 
ing into  the  horizontal,  otherwise  the  top  of  the  4  will  be  too 
small  as  shown  in  the  third  line. 

(5)  In  the  5  the  first  stroke  should  turn  abruptly  about  two 
fifths  of  the  way  down,  and  extend  almost  horizontally  for 
quite  a  little  distance;  it  really  curves  slightly  above  the  hori- 
zontal to  form  the  upper  portion  of  a  loop  similar  to  that  of 
the  3.  The  second  is  straight  and  horizontal;  make  it  faiil" 
long. 

(6)  In  the  6  the  tendency  is  to  make  the  lower  loop  Ico 
small. 

(7)  The  7  is  formed  by  two  straight  lines, — no  curves, — with 
the  down-stroke  at  about  45°. 

(8)  In  pencil  the  8  is  best  made  with  two  strokes.  Some- 
times it  is'  convenient  to  form  it  with  two  ovals,  the  upper  one 
being  the  smaller.  In  inking,  the  pen  is  lifted  where  the  second 
■troke  crosses  the  first. 
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(9)  The  9  is  an  inverted  6,  but  the  upper  loop  is  nearly  fin- 
ished with  one  stroke.  The  tendency  is  to  make  the  loop  too 
small. 

(10)  The  0  is  made  with  two  strokes  each  of  which  begins 
and  ends  almost  horizontally  to  give  smoothness  to  the  curve 
and  width  to  the  whole  numeral  without  making  it  round. 

Note.  The  student  m^  find  tbftt  in  liiieeping  field  pot«s  {p  penml  some 
of  the  piimeraLs  made  in  Fig.  38  (c)  with  two  or  more  strokes  ean  b^  made 
in  one  stroke.  In  making  figures  in  ink,  however,  he  will  get  better  re- 
sults to  follow  the  strokes  as  given. 


AjiMiMAMMlA... 

EJE..K.LK±MMZ^Z... 
.E...E.K..LKLM.M.J..J.-\ 

...A..y...W..X..Y..3.-.E..R 

...A..y.M..X.y..B-.-E..ff......\ 

.L..Ji..a..Q..s....j..^nM 


Fig.  38  (d). 

I 

{d)  Capital  letters  are  shown  in  Fig.  38  (d).  Many  of  the 
directions  already  given  for  the  lower-case  letters  apply  to 
the  capital  letters  also.  Some  additional  points  are  as 
follows: 

(1)  The  height  of  capital  letters  is  not  quite  double  that  of 
lower-case  letters.     [See  Art.  38  (/).] 

(2)  The  width  of  most  of  the  capital  letters  is  about  equal 
to  the  height  of  lower-case  letters. 
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(^)  The  third  or  borizontAl  stroke  in  E,  F,  and  H  is  slightly 
more  than  haU^way  up.  Thiji  im  true  also  of  the  middle  hori- 
zontal line  of  B  and  the  corresponding  lines  of  P  and  of  R. 

(4)  The  second  stroke  in  L  and  in  T  is  comparatively  short. 

(5)  In  A,  y,  W,  X,  and  Y  the  chief  difficulty  is  in  getting 
the  axis  of  the  letter  at  the  standard  slope.  This  is  accom- 
plished by  making  certain  lines  almost  vertical,  and  opposite 
lines  at  a  correspondingly  greater  slant,  as  shown  in  the  figure. 
The  horizontal  stroke  in  A  is  quite  near  the  bottom. 

(6)  The  width  of  M  and  of  W  is  greater  than  the  width  of 
other  letters.  The  second  and  third  strokes  of  the  M  meet  in 
a  point  above  the  bottom  line  of  the  letter. 

(7)  The  letters  C,  G,  O,  Q,  and  8  are  based  on  the  ellipse* 
The  tendency  is  to  make  these  letters  too  wide. 

(8)  In  practicing  lettering  observe  carefully  the  order  and 
direction  of  the  strokes,  which  are  for  the  most  part  down- 
foard  aod  from  left  to  rigktf  and  notice  what  errors  to  avoid 
as  illustrated  in  the  lines  3,  6,  and  9. 

(e)  Spacing  the  letters.  Crowd  the  letters  close  together  and 
thus  compress  words  into  small  space,  otherwise  one  of  the 
chief  advantages  of  lettering  will  be  lost.  The  tendency  is  to 
make  letters  too  wide  and  too  far    '    /        x.  ■ 

apart.    To  make  narrow  compressed       l^BTIQiQ  0103 
letters  seem  large  and  clear  increase 

the  height.    Thus,  for  example,  in      LetterSC/OSe  together 
Fig.  38  (c)  the  third  line  takes  no        .  ^  . 

more    space    lengthwise    than    the      l£tl6f3  C/Q56  fOQCtflBF 
second,  but  the  wprds  are  clearer  y\q  38  (c) 

because  the  height  of  the  letters  is 

greater.     The  first  line  illustrates  how  space  may  be  wasted 
by  not  compressing  the  letters. 

(/)  Height  of  letters,  A  good  height  for  lower-case  letters 
is  ^"f  the  height  of  numerals  being  slightly  greater.  This 
makes  the  hejight  of  capital  letters  a  little  less  than  Y\  The 
effect  when  these  heights  are  used  may  be  judged  by  the  field 
notes  shown  in  Chapter  XV. 

39.  Final  Suggestions  on  Taking  Notes.  Remember 
that  the  extra  time  required  in  making  field  notes  plain  will 
probably  be  saved  when  the  notes  are  plotted.  Never  let  anyi 
thing  appear  in  the  notes  that  can  be  misunderstood  or  misin- 
terpreted, especially  numerals.     Usually  there  will  b^  rcvoi^  \iC^ 
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the  notes  for  a  given  portion  of  the  work  than  at  first  appears; 
the  sketch  will  grow  more  complicated  and  there  will  be  un- 
expected dimensions  to  be  recorded;  make  a  generous  allow- 
ance for  this  in  starting  a  page  of  notes  so  that  they  will'  not 
become  crowded.  In  level  notes  and  in  most  of'  the  fonns 
of  transit  notes  it  is  better  to  omit  every  other  line,  thus  leav- 
ing room  for  corrections.  Be  neat  and  systematic  in  keeping 
notes  for  field  work,  and  the  habits  thus  formed  will  be  of  great 
value  in  many  other  lines  of  work. 

40.  Special  Directions  for  Class  Work. 

(1)  A  "party  note-book"  will  be  furnished  for  each  party. 
Each  student  is  expected  to  keep  the  notes  of  the  party  of 
which  he  is  a  member  "copied  up"  in  his  own  note-book,  this 
book  to  be  a  duplicate  of  the  party  book.  Copy  everything, 
including  mistakes  and  their  corrections.  Do  not  copy  the 
notes  of  other  parties. 

(2)  Psigps  should  be  numbered  to  correspond  to  those  in  the 
party  note -book. 

(3)  In  beginning  the  notes  of  a  survey  allow  a  few  pages  for  a 
title  and  an  index. 

(4)  In  a  closed  survey  the  notes  should  be  preceded  by  a 
sketch  showing  all  transit  lines  with  the  letters  or  numbers  of 
each  station.  (See  p.  390.)  This  sketch  should  be  completed 
as  fast  as  stations  are  established. 

(5)  Print  a  descriptive  title  at  the  top  of  each  page.  This 
title  may  extend  across  the  tops  of  two  opposite  pages. 

(6)  Each  page  in  the  party  note-book  should  be  dated  and 
signed  by  the  note-keeper  as  the  work  progresses. 

(7)  The  notes  in  the  party  note-book  should  be  inspected 
each  day  by  the  instructor  in  charge  of  the  party.  Students 
should  not  copy  notes  on  any  page  which  is  not  marked  "In- 
spected" and  signed  by  the  instructor. 

(8)  Do  not  "scribble"  in  either  the  party  note-book  or  your 
own  note-book:  carry  a  scribbling-pad  in  the  pocket. 


CHAPTER  IV 
CHAINXNG 

In  this  chapter  are  given  general  directions  for  the  use  of  the  steel  tape ; 
lany  pf  them  apply  equally  well  to  the  use  of  the  surveyor's  chain.  For 
;  deMcription  of  different  chains  and  tapes,  and  for  the  methods  of  repair^ 
og  and  standardizing  tapes,  consult  the  chapter  on  "Chains  and  Tapes" 
Q  Part  III. 


41.  Chaining.  A  term  which  originally  meant  measuring 
vith  a  chain,  but  as  now  used  it  denotes  measuring  with  either 
;he  chain  or  the  tape. 

42. .  Importance  of  Chaining.  Linear  measurement  is  the 
)asis  of  all  surveying.  No  matter  how  accurately  angles  may  be 
neasureci  the  survey  can  be  no  more  accurate  than  the  chaining, 
^ot  only  students  but  chainmen  in  actual  work  are  apt  to 
ook  upon  chaining  as  drudgery  calling  for  no  special  ability. 
\.s  a  matter  of  fact  wide-awake,  careful  chainmen  are  scarce 
ind  are  valued  accordingly.  It  is  not  easy  to  avoid  mistakes, 
lor  is  it  a  simple  thing  to  chain  a  line  when  great  accuracy  is 
•equired.  To  chain  a  hne  twice  and  get  the  same  result  is  no 
ndication  of  great  accuracy  unless  certain  constant  errors 
lave  been  eliminated.  (See  Chapter  V.)  It  is  worth  while, 
herefore,  to  study  the  subject  of  chaining  carefully,  especially 
inything  that  will  help  to  avoid  mistakes  and  eliminate  errors. 

43.  Care  of  the  Steel  Tape.  Steel  tapes  are  easily  broken. 
The  chief  danger  is  in  pulling  on  the  tape  when  there  is  a  loop 
: "  kink  in  it ;  consequently  guard  against  this.  Do  not  jerk 
the  tape  needlessly,  or  step  on  it  when  it  is  on  soft  ground,  or 
allow  vehicles  to  run  over  it,  or  bend  it  into  sharp  corners.  If 
ihe  tape  gets  wet,  wipe  it  dry  before  putting  it  away. 

44.  To  Do  Up  a  Steel  Tape  in  a  Figure  8.  If  a  steel  tape 
8  gathered  in  irt  five-foot  lengths  without  being  allowed  to  turn 
)wr,  it  will  fall  of  itself  into  concentric  folds,  and  after  the 
tape  is  all  in,  these  folds  may  be  crossed  and  tied  at  the  c^TA.«t» 
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forming  a  figure  8.  This  is  a  very  convenient  form,  and  in 
some  respects  it  is  better  than  winding  the  tape  on  a  reel.  Any 
quick  method  of  bringing  the  five-foot  marks  together  in  one 
hand  may  be  used.  The  following  is  recommended:  Stretch 
the  tape  straight  on  the  ground  its  entire  length.  Stand  at 
one  end  squarely  facing  the  tape,  so  that  you  look  along  its 
length.  Take  the  end  of  the  tape  in  the  right  hand,  palm  of 
the  hand  up,  and  swing  the  right  hand  behind  you,  pulling  the 
tape  through  the  left  hand,  held  palm  up.  As  each  five-foot 
mark  comes  along,  the  left  hand  seizes  it  and  lays  it  over  the 
palm  of  the  right  hand  withoi^t  permitting  the  tape  to  turn  over. 
The  right  hand  closes  on  it  and  swings  behind  foi*  another 
five-foot  length,  and  thus  the  tape  is  gathered  in  In  .five-foot 
lengths.  The  swing  behind  is  about  as  long  as  the  average 
man  can  take  readily.  Once  the  knack  is  acquired  it  is  hardly 
necessaty  to  watch  for  the  five-foot  mafks,  and  the  wtrole  thing 
is  done  very  rapidly. 

45.  To  Undo  a  Steel  Tape  (when  it  is  fn  a  figare  8). 
Hold  in  one  hand  and  let  out  in  five-foot  lengths,  one  at  a  Hfnf, 
the  reverse  of  doing  it  up.  Attempting  to  let  it  out  all  at  oftce 
will  almost  surely  result  in  an  annoying  tangle. 

46.  To  Do  Up  a  Chain.  Beginning  at  the  middle,  fold  np 
the  doubled  chain,  taking  hold  of  two  links  at  a  time  with  cftie 
hand  and  laying  each  pair  obliquely  across  the  others  so  that 
the  chain  will  have  an  hour-glass  shape,  easy  to  stuap  tip  and 
carry. 

47.  To  Undo  a  Chain.  Take  the  handles  together  iti  the 
left  hand  and  the  rest  of  the  chain  in  the  right  hand,  allowing 
a  fejw  links  nearest  the  handle  to  drop  oft.  Throw  the  chain 
in  a  direction  opposite  to  that  in  which  the  chaining  is  to  be 
done.  The  chain  should  straighten  out  doubled.  As  the  head 
chainman,  taking  one  end  of  the  chain,  proceeds  along  the  Hne 
every  link  of  the  chain  passes  the  rear  chainman,  who  is  thus 
able  to  detect  and  straighten  all  links  that  are  bent. 

(a)  Remark.  In  doin^  up  the  chain  some  surveyors  prefer  to  begin 
Ht  the  end  of  the  chain  iftst^ad  of  the  middle,  foIcHng  iip  two  links  a.  a 
time  as  before.  In  this  case  the  chain  may  be  undone  by  simply  laviiM 
it  down  at  the  starting-point,  the  head  chainman  taking  tike  handle  i^niCT 
is  on  top  and  walking  towards  the  further  end  of  the  liile<  While  the  rear 
chainman  allows  the  chain  to  slip  through  his  hands  examining  the  links 
as  before.  This  method  saves  the  wear  and  tear  on  the  chain  that  cuttica 
from  throwing  it  out. 

4S.  To  Read  a  Tape.     The  easiest  tape  to  read  is  one  that 
IS  graduated  continuously,  the  numbers  starting  From  zero  at 
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one  end  and  increasing  in  one  direction  only.  If  all  tapes 
were  thus  numbered  and  if  each  foot  of  the  tape  were  subdivided, 
many  mistakes  would  be  avoided  and  the  somewhat  elaborate 
precautions  outlined  in  the  succeeding  articles  would  be  un<r 
necessary.  Many  tapes,  however,  are  numbered  from  each  end 
towards  the  middle  to  correspond  to  the  numbering  on  chains. 
This  gives  rise  to  the  common  mistake  of  reading  from  the 
wrong  end,  as,  for  example,  reading  40  ft.  instead  of  60  ft. 
When  every  fifth  foot  of  the  tape  is  numbered,  .even  though 
the  numbers  run  in  one  direction  only,  the  mistake  of  reading 
on  the  wrong  side  of  a  number  is  often  made,  as,  for  example, 
41  ft.  instead  of  39  ft.  Unless  every  foot  is  numbered,  there- 
fore, make  this  an  inviolable  rule:  Read  the  number  on  each 
idde  of  the  required  reading.  For  example,  in  the  mistake  just 
mentioned  the  chainman  noticed  that  the  reading  was  1  ft. 
from  the  mark  numbered  40,  and  jumped  to  the  conclusion 
that  the  reading  was  41;  if  he  had  read  the  number  on  the 
other  side  (i.e.,  35)  he  would  have  seen  that  the  reading  was 
between  35  and  40  and  thus  have  corrected  his  mistake. 

The  use  of  tapes  in  which  only  the  end  foot  is  subdivided 
gives  rise  to  other  mistakes  which  are  avoided  only  by  taking 
precautions  similar  to  those  outlined  in  Art.  50  (a).* 

49.  To  Read  a  Chain.  If  the  chain  is  a  66-ft.  chain  (Gunter's 
chain}  measurements  are  made  in  chains  and  links,  but  as  each 
link  is  yJtt  of  a  chain  the  links  are  recorded  as  decimal  parts 
if  a  cliain.  Thus,  8  chains  and  39  links  is  8.39  chains,  and  8 
chains  and  8  links  is  8.08  chains,  not  8.8  chains. 

When  100-ft.  chains  arc  used  measurements  are  kept  in  feet 
xa  usual.  Mistakes  of  reading  in  the  wrong  direction  should 
be  avoided  by  reading  the  number  each  side  of  the  required 
reading. 

(a)  Remark.  Chains  are  heavy  and  clumsy,  difficult  to  stretch  tight 
and  straifflit,  change  their  length  rar)idly  from  wear,  and  are  at  the  best 
only  good  for  comparativel/  rough  mea.surementH.  Tapes  are  now  m4de 
of  such  strength  and  durabilitj/^  tfiat  even  in  rough  country  they  will  hold 
their  own  mth  chains,  and  it  iH  only  a  question  of  time  when  they  will 
probably  replace  them  altogether. 

50.  General  Method  of  Chaining^.  The  two  chainmen 
are  called  head  chainman  and  rear  chainman.  In  ordinary 
work,  however,  whichever  chainman  happens  to  be  nearer  the 
point  towards  which  the  chaining  is  being  done  acts  as  head 
chainman.    The  method  of  chaining  depends  upon  whethftT 
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the  distance  to  be  measured  is  less  or  greater  than  the  length 
of  the  tape. 

(a)  MeoMirements  less  than  the  length  of  the  tape.  If  the  Uspe 
is  graduated  continuously  from  zero,  every  foot  being  subdi- 
vided into  tenths,  no  special  directions  are  required.  Which- 
ever chainman  has  the  zero  end  of  the  tape  holds  it  at  one 
point  and  the  other  chainman  reads  the  tape  at  the  other  point. 
In  many  tapes,  however,  although  the  foot  at  each  end  of  the 
tape  is  subdivided,  there  are  no  subdivisions  in  the  interme^ 
diate  feet.  Suppose  it  is  desired  to  measure  a  distance  from  A 
to  B  which  is  less  than  the  length  of  such  a  tap>e.  One  chain- 
man  holds  the  zero  end  at  A,  the  other  chainman  notes  which 
even  foot-mark  is  just  beyond  B,  and  holds  that  mark  at  B, 
caUing  out  what  it  is.  The  tape  is  tightened  and  the  zero  is 
no  longer  at  A,  The  first  chainman  mentally  subtracts  a  foot 
and  adds  the  tenths,  reading  the  tenths  not  from  the  end  of  the 
tape  but  from  the  first  foot-mark.  The  important  thing  to 
notice  is  that  tl;ie  final  reading  is  made  by  the  chainman  who 
is  at  the  end  of  the  tape.  As  he  calls  out  the  final  reading, 
the  other  chainman  must  listen  to  make  sure  that  a  foot  has 
been  subtracted  from  the  reading  which  he  first  gave,  and  if  it 
has  been,  he  calls  out  ''AH  right." 

(b)  lUustrdtion.  The  distance  from  A  to  B  la  60.8  feet.  One  chAin- 
man  holds  the  zero  at  A,  The  other  chainman  fiudins  that  the  61  foot- 
mark falls  just  beyond  B,  holds  that  mark  at  B  and  caUfl  out  *'61."  The 
first  chainman  pulls  back  the  tape  until  it  is  tight,  finds  that  A  is  eight 
tenths  from  the  first  foot-mark  (not  from  the  end  of  tape  or  lero),  men- 
tally subtracts  a  foot  from  61  and  calls  out  "60.8."  The  other  ehamman, 
noticing  that  a  foot  has  been  subtracted  from  his  own  reading  of  61,  calls 
out  "bright." 

(c)  Note,  Students  are  urged  to  follow  out  precisely  the  diz«cti<ms 
just  given.  Tliere  are  other  methods,  of  course,  but  xmless  some  one 
method  is  adopted  and  always  used,  there  is  sure  to  be  trouble.  If  the 
chainman  at  the  end  of  the  tape  alwa3r8  gives  the  final  reading,  no  question 
arises  as  to  whether  the  tenths  are  to  be  added  or  subtracted.  Suppoee* 
for  example,  in  the  preceding  illustration  the  chainman  at  the  end  simply 
oalls  out  "Eight  tenths";  if  the  other  chainman  has  to  make  the  final 
reading,  he  may  think  that  it  is  eight  tenths  from  the  end^  or  eight  tenths 
I'ofif,"  and  will  then  read  60.2  instead  of  60.8.  Remember,  then,  that  it 
is  the  chainman  at  the  end  of  ike  tape  who  makes  the  final  reading,  and 
that  it  is  understood  that  the  other  chainman  never  avhiracte  a'/oo^  cefora 
caUing  out  the  even  foot-reading. 

id)  Remark.  It  will  be  noticed  that  nearly  every  precaution  in  read- 
ing the  tape  thus  far  mentioned  would  be  unnecessary  if  every  foot  on 
the  tape  were  niunbered,  and  if  each  foot  were  subdivided.  Thb  first 
cost  of  such  a  tape  is  greater,  but  in  the  end  this  is  more  than  made  up 
by  the  time  saved  and  the  mistakes  avoided. 

(e)  Measurements  greater  than  the  length  of  the  tape.  In  chain- 
ing between  two  points  when  the  distance  is  greater  than 
the  length  of  tape,  three  things  must  be  kept  in  mind:  (1)  The 
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Qhainin^  must  be  done  in  as  direct  a  line  as  possible:  (2)  The 
point  whors  the  end  of  ths  tape  comes  each  time  must  be. care- 
fully marked;  (3)  The  tape  must  be  stretched  straight  and 
tight  each  time.  Any  method  may  be  used  that  accomplishes 
these  things  without  loss  of  time.  It  is  customary  for  the 
rear  chainman  to  line  the  head  chainman  in  every  time  he 
moves  ahead,  although  in  very  accurate  work  this  is  done  from 
the  transit.  Chaining-pins  are  ordinarily  used  to  mark  the 
points  at  the  end  of  the  tape;  for  accurate  work  stakes  may 
be  set  and  a  tack  or  a  knife-mark  on  the  stake  used  to  indi- 
cate the  exact  point.  The  chainmen  should  agree  upon  some 
set  of  signals  similar  to  those  used  in  the  following  illustration. 

(/)  lUuitration.  Required  to  chain  from  A  to  B,  distance  634.3  feet 
arith  a  100-foot  tape.  Rear  chainman  (R.C.)  holds  the  zero  end  of  the 
tane  at  A  and  motions  the  head  chainman  (H.C.)  into  line  with  a  pole 
hel  I  or  set  at  B.  R.C.  sees  that  the  tape  is  straight  and  tight,  and  calls 
out  "Stick."  or  "All  right,"  and  H.C.  ''sticks"  the  pin  at  the  end  of  the 
tape  and  csklls  out  "Stuck."  R.C.  drops  his  end  of  the  tape  and  H.C.  moves 
on,  dragging  the  tape  after  him  and  keeping  himself  approximately  in 
line  by  lookmg  back  at  A  over  the  pin  already  set.  When  the  zero  end 
of  the  tape  reaches  the  pin,  R.C,  who  is  following,  calls  out  "Chain,"  a 
nigral  for  H.C.  to  stop.  R.C.  then  hoi  Is  the  zero  at  the  pin  and  the  process 
is  repeated.  The  short  distance  from  the  last  pier  to  the  station  (34.3  feet) 
is  measured  according  to  the  method  of  paragraph  (a).  Counting  the 
last  pin  that  was  set,  the  rear  chainman,  if  he  gathered  up  the  pins  as 
he  went  along,  shoul  \  have  six  pins,  which  tells  hun  that  up  to  that  point 
(be  tape  was  stretched  six  times,  or  it  '-^  600  feet. 

5 1 .  End  Graduation.  It  is  sometimes  uncertain  just  what 
points  of  a  tape  to  take  for  its  ends.  For  example,  the  foot 
at  each  end  may  or  may  not  include  the  handle.  To  find  out, 
compare  with  some  intermediate  foot  of  the  tape. 

52.  Setting  the  Chaining-pins.  Stick  the  pin  in  the 
ground  slanting,  at  right  angles  to  the  line,  so  that  it  slides 
under  the  tape,  with  its  center  opposite  the  graduation-point  on 
the  tape.  On  the  whole  this  is  better  than  sticking  a  pin  with 
ito  edge  against  the  end  of  the  tape  or  opposite  a  graduation. 

53.  Chaining  on  a  Slope.  In  measuring  a  slope  there  are 
two  ways  of  getting  the  horizontal  distance,  which  is  the  dis- 
tance- usually  required  in  surveying:  (1)  To  measure  along  the 
slope  and  correct  this  measurement  by  calculation;  (2)  To 
take  such  precautions  that  the  tape,  instead  of  resting  on  the 
ground,  will  be  horizontal  eveiy  time  it  is  stretched  for  a  measure- 
ment. • 

(a)  First  meihod.  The  calculated  correction  for  slope.  If  e 
is  the  difference  between  the  length  on  a  slope  and  the  horizon- 
tal projection,  d  the  difference  in  elevation  oi  ikie  Wo  e>Tid&  ^ 
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this  test  will  show  that  the  pin  has  not  been  set  in  exact^  the 
right  place. 

13.  When  calling  out  a  measurement  to  a  note-keeper  make 
sure  that  he  gets  it  by  having  him  repeat  it  after  you. 

14.  In  extremely  accurate  work  use  the  spring-balance  and 
thermometer,  and  eliminate  sa^  by  supporting  the  t&pe.  In 
such  work  it  is  more  necessaiy  than  ever  to  compare  the  tape 
with  some  standard  length. 

15.  Be  constantly  on  the  alert  to  preserve  the  tape  from 
injury.  When  not  in  use,  stretch  it  beside  a  fence  or  in  some 
out-of-the-way  place  where  it  will  not  be  stepped  on.  •  Keep 
in  touch  with  the  work  so  as  to  notice  any  measurements 
inadvertently  omitted,  and  to  anticipate  directions  from  the 
head  of  the  party 

(6)  Some  things  a  chainman  should  not  do. 

1.  Don't  jerk  the  tape,  or  pull  on  it  when  it  is  kinked,  (ur  let 
vehicles  run  over  it,  or  bend  it  sharply  into  comers,  or  step  on 
it.     Don't  lose  the  handles:  tie  them  on. 

2.  Don't  split  hairs  lining  in. 

3.  Don't  forget  to  subtract  a  foot  from  the  reading  if  it  ought 
to  be  subtracted.     Don't  read  from  the  wrong  end  of  the  tape. 

4.  Don't  disturb  the  chaining-pin,  or  let  it  be  pulled  over. 

5.  Don't  let  go  of  the  tape  until  the  other  chainman  signals. 

6.  Don't  stick  the  pin  until  the  other  chainman  signals. 

7.  Don't  pull  up  the  pin  until  sure  that  it  will  be  no  longer 
needed. 

8.  Don't  hit  the  1^  of  the  transit  when  measuring  near  it. 

9.  The  rear  chainman  should  not  get  in  the  line  of  sight  when 
the  transitman  is  lining  in  the  head  chainman. 

10.  If  the  tape  is  in  a  leather  or  metallic  box  do  not  keep 
pulling  the  tape  out  and  winding  it  up;  if  much  work  is  to 
be  done,  it  may  be  better  to  detach  the  box. 
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or  else  the  sag  correetion.is  determined;  some  device,  as  a  fine 
scratch  on  top  of  a  stake,  marks  the  chain-lengths  in  place  of 
the  chain-pins.  The  chainmen  are  lined  in  from  the  transit,  or 
else  stakes  are  set  in  line  for  the  use  of  the  chainmen;  measure- 
ments are  made  horizontal  by  stakes  set  on  a  level,  or  if  on  a 
grade,  the  correction  for  the  slope  is  determined.  For  work  be- 
tween ordinary  work  and  extremely  accurate  work  precautions 
must  be  adopted  to  correspond.     (See  the  next  chapter.) 

55.  Errors.  Some  of  the  things  which  chainmen  should 
know  concerning  errors  in  chaining  are: 

1.  Sources  and  relative  importance  of  errors. 

2.  Methods  for  eliminating  or  correcting  errors. 

3.  Customary  Hmits  of  error  for  different  kinds  of  work. 

4.  Field-work  requirements  corresponding  to  different  limits 
of  error. 

These  subjects  are  more  fully  discussed  in  the  next  chapter, 

56.  Summary.     (From  preceding  pages.) 
(a)  Some  things  a  chainman  should  do, 

1.  Find  the  exact  points  which  mark  the  ends  of  a  tape. 

2.  Find  by  what  method  the  tape  is  graduated,  and  note  how 
it  must  be  read. 

3.  Agree  on  a  set  of  signals  with  the  other  members  of  the 
party. 

4.  Find  by  trial  what  an  8-  or  12-pound  pull  feels  like. 

5.  See  that  the  tape  is  straight  and  exert  a  steady  standard 
pull  while  measuring. 

6.  Find  out  the  limit  of  error  and  work  accordingly. 

7.  Keep  the  tape  horizontal  and  use  short  lengths  on  steep 
slopes. 

'S.  Line  in  and  stick  the  chain-pins  correctly. 

9.  Keep  the  right  count  of  tape-lengths. 

10.  Unless  every  foot  on  the  tape  is  numbered  make  sure 
of  a  reading  by  looking  at  the  number  on  each  side  of  it. 

11.  When  only  the  end  foot  is  subdivided  the  chainman 
at  the  end  of  the  tape  should  invariably  make  the  final  reading. 

12.  The  head  chainman  should  keep  himself  approximately 
"in  line"  by  looking  backward  over  the  line.  He  should  lift  his 
end  of  the  tape  to  straighten  it,  and  then  let  it  down  slowly 
on  the  line  to  be  sure  that  it  remains  straight.  In  accurate 
work,  after  the  pin  is  stuck,  he  should  lift  the  chain  as  before 
and  let  it  down  again  to  test  the  position  oi  \\\c  pm*,  Ix^o^^wXX^ 
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this  test  will  show  that  the  pin  has  not  been  set  in  exacily  the 
right  place. 

13.  When  calling  out  a  measurement  to  a  note-keeper  make 
sure  that  he  gets  it  by  having  him  repeat  it  after  you. 

14.  In  extremely  accurate  work  use  the  spring-balance  and 
thermometer,  and  eliminate  sa^  by  supporting  the  tape.  In 
such  work  it  is  more  necessary  than  ever  to  compare  the  tape 
with  some  standard  length. 

15.  Be  constantly  on  the  alert  to  preserve  the  tape  from 
injury.  When  not  in  use,  stretch  it  beside  a  fence  or  in  some 
out-of-the-way  place  where  it  will  not  be  stepped  on.  •  Keep 
in  touch  with  the  work  so  as  to  notice  any  measurements 
inadvertently  omitted,  and  to  anticipace  directions  from  the 
head  of  the  party 

(6)  Some  things  a  chainman  should  not  do. 

1.  Don't  jerk  the  tape,  or  pull  on  it  when  it  is  kinked,  or  let 
vehicles  run  over  it,  or  bend  it  sharply  into  comers,  or  step  on 
it.     Don't  lose  the  handles:  tie  them  on. 

2.  Don't  split  hairs  lining  in. 

3.  Don't  forget  to  subtract  a  foot  from  the  reading  if  it  ought 
to  be  subtracted.     Don't  read  from  the  wrong  end  of  the  tape. 

4.  Don't  disturb  the  chaining-pin,  or  let  it  be  puUed  over. 

5.  Don't  let  go  of  the  tape  until  the  other  chainman  signals. 

6.  Don't  stick  the  pin  until  the  other  chainman  signals. 

7.  Don't  pull  up  the  pin  until  sure  that  it  will  be  no  longer 
needed. 

8.  Don't  hit  the  leg  of  the  transit  when  measuring  near  it. 

9.  The  rear  chainman  should  not  get  in  the  line  of  sight  when 
the  transitman  is  lining  in  the  head  chainman. 

10.  If  the  tape  is  in  a  leather  or  metallic  box  do  not  keep 
pulling  the  tape  out  and  winding  it  up;  if  much  work  is  to 
be  done,  it  may  be  better  to  detach  the  box. 


CHAPTER  V 

ERRORS  IN  LINEAR  MEASUREMENTS 

is  chapter  sources  of  error  in  chaining  are  pointed  out,  the  relative 
ince  of  errors  from  different  sources  is  discussed,  and  methods  of 
on  or  elimination  are  given.  Limits  of  precision  are  sug^sted 
prent  kinds  of  work,  and  field-work  requirements  are  indicated 
irent  limits  of  precision.  A  general  classification  of  errors  is  given 
I,  and  it  is  necessary  in  studying  this  chapter  to  keep  clearly  in 
lie  difference  between  accidental  and  constant  errors,  and  between 
ive  and  compensating  errors.  The  distinction  between  discrepancy 
or  is  also  an  important  one,  since  the  discrepanc;^* between  dupli- 
sasiirements  may  or  may  not  indicate  the  precision  of  the  work 
t.  20,  p.  11). 


Sources  of  Error  in  Chaining. 

Error  in  the  length  and  in  the  graduations  of  the  tape.* 

Errors  due  to  temperature,  and  to  other  natural  sources. 

Errors    in    manipulation,  —  tape     not    horizontal,    not 

led  tight,  imperfect  alignment,  sag,    pull,  and  marking 

ingths. 

Personal  errors.     Mistakes  in  reading  the  tape.    Blunders, 

t,  for  example,  as  occur  in  counting  tape-lengths. 

Error  Expressed  by  a  Ratio.  ^^,  y^,  tjW»  etc., 
an  error  of  1  part  in  500,  or  1  part  in  1000,  or  1  part  in 
,  and  so  on. 

iration.  An  error  of  0.05  feet  in  a  measurement  of  714.85 
:    0.05 -^  714.85  =  y^^y,  or  about  j^^. 

Error  in  the  Length  of  the  Tape.  Cumulative  and 
ant.  Plus  or  minus  according  to  whether  the  tape  is  too 
)r  too  long.  If  a  tape  is  too  short,  the  measured  distance 
n  two  fixed  points  will  be  longer  than  the  true  distance 
plus);  and  contrariwise  if  the  tape  is  too  long,  the  meas- 
stance  will  be  shorter  than  the  true  distance  (error  minus). 

error  in  the  length  of  a  steel  tape  is  relatively  small  and  remains 
in  a  chain  it  often  becomes  large  from  connecting  rings  bein^ 
d,  links  being  bent,  or  joints  becoming  wonx. 
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(a)  lUtutration.  The  true  distance  between  two  pointa  is  400  feet. 
If,  however,  this  distance  is  measured  with  a  100-ft.  tape  which  is  0.02  ft. 
loo  dhort  (i.e.,  length =99.98  ft.),  the  result  will  be  400 -J- 0.9998 =400.08  ft. 
If,  on  the  other  hand,  the  tape  is  0.02  ft.  too  long  (i.e.,  length=  100.02  ft.), 
the  result  will  be  400 -M.0002  =  399.92  ft. 

(6)  To  apply  the  tape  correction.  The  tested  length  of  a  100-ft.  tape 
multiplied  by  0.01  gives  the  length  of  the  tape  in  terms  of  the  stanrlard 
(i.e.,  in  terms  of  lOO  ft.).  Thus  a  tane  0.1  ft.  too  long  is  100.1  ft.  long, 
or  1.001  times  what  it  should  be.  Call  this  constant  for  any  tape  C,  then 
use  the 

Rule.     Multiply  all  measurements  by  C  to  reduce  to  true  measurementa. 

(c)  Illustration.  In  the  preceding  illustration  the  constant  for  the 
tape  which  is  0.02  ft.  too  short  is  0.9998,  and  for  the  tape  which  is  0.02  ft. 
too  long  it  is  1.0002;  hence 

Measured  Distance  X  Constant  =  True  Distance. 

400.08  X  0.9998    =      400  ft. 

399.92  X   1.0002    =      400  ft. 

In  establishing  one  point  at  a  required  distance  frc«n  another  poin: 
the  rule  is  reversed.  Rule.  Divide  the  required  distance  by  C:  the  result 
is  the  actual  {false)  distance  to  measure  off. 

(d)  Illustration.  It  is  required  to  estabUsh  one  point  400  ft.  from  another 
point  with  a  tape  0.02  ft.  too  short  (i.e.,  C  =  0.9998);  then  the  false  dis- 
tance which  must  be  measured  oflF  is  400 -»- 0.9998  =  400.08  ft. 

60.  Error  due  to  the  Tape  npt  being  Horizontal.  Error 
is  cumulative,  plus,  and  important.  Eliminated  by  the  method 
of  Art.  53. 

6 1 .  Error  when  the  Tape  is  not  Stretched  Tight  and 
Straight.  (Ends  in  line,  tape  lying  on  surface  of  ground,  but 
not  stretched  tight.)     Cumulative,  plus,  and  important. 

62.  Error  due  to  Temperature.  Error  is  cumulative, — plus 
when  the  temperature  is  below  the  standard  temperature 
for  the  tape,  minus  when  it  is  above.  The  length  of  a  100-ft. 
steel  tape  may  be  changed  more  than  J  inch  by  an  extreme 
change  in  temi>erature  from  20°  to  90°  Fah.  In  accurate  work 
this  source  of  error  must,  as  far  as  possible,  be  eliminated  by 
noting  the  temperature  and  applying  the  correction.  In 
ordinary  work  temperature  may  be  neglected.  Base-lines  are 
usually  measured  on  a  cloudy  day  (sometimes  at  night),  so  that 
the  tape  may  be  nearer  the  temperature  of  the  atmosphere. 
The  temperature  of  a  tape  lying  in  the  sun  is  difficult  to  obtain. 

(a)  Note.  If  the  coefficient  of  expansion  of  a  steel  tape  is  not  knowi', 
use  0.0000065  per  1°  Fah.  or  100X0.0000065  =  0.00065  ft.  change  per 
1°  Fah.  for  a  tape  100  ft.  long.  Thus  70X0.00065  =  0.0456  ft.  fot  ex- 
tremes of  70°  change  for  a  100-foot  tape.  The  following  approximate 
rate  of  change  is,  perhaps,  the  easiest  to  remember.  The  length  of  a  100-ft. 
steel  tape  changes  jA^  of  a  foot  for  every  16°  {Fah.)  change  of  temperature. 

(6)  Remarks.  The  error  due  to  temperature  may  be  quite  large,  and 
in  certain  lines  of  work  it  is  too  often  neglected  by  surveyors.  A  city 
block,  for  example,  400  ft.  to  500  ft.  long,  measured  \rith  the  ppme  tape 
may  be  found  apparently  2"  or  3"  shorter  in  summer  than  in  wirter,  if  it 
is  in  a  climate  where  the  thermometer  rpnge?  from  0°  to  90°  (Feb.'*. 

(c)  An  experiment.  In  order  that  the  efTect  of  even  a  small  chpnicie 
in  temperature  may  he  perfectly  evident,  and  incidentally  to  show  the 
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effect  also  of  the  sun'fl  rays,  the  students  in  the  author's  classes  are  re- 
quii«d  to  make  the  foUowinf  experiment:  About  noon  on  a  clear  day  a 
100-ft.  steel  tape  is  stretched  across  supporting  stakes,  set  on  line  20  ft. 
apart,  with  their  tops  on  a  level.  A  12-pound  pull  is  kept  by  means  of  a 
spring-balance,  and  a  fine  scratch  is  made  on  the  top  of  the  stake  at  each 
end  m  the  tape.  At  about  5  p.m.  of  the  same  day  the  tape  is  again  stretched 
under  the  same  conditions.  The  scratches  made  at  noon  are  often  found 
to  be  i"  or  more  farther  apart  apparently,  than  when  they  were  made. 
This  shrinkage  of  i"  in  the  tape  corresponds  to  a  fall  of  15**  in  tempera- 
ture, but  the  change  in  the  atmosphere  may  have  been  much  less  than 
this.  A  large  part  is  due  to  the  sun,  which  at  noon  shone  on  the  tape 
with  much  greater  intensity  than  at  five  o'clock.  Still  more  striking  re- 
sults may  be  obtained  by  repeating  the  experiment  with  the  tape  stretched 
in  contact  with  the  Warm  g^round  or  a  hot  pavement. 

63,  Error  in  Alls^nment.  Error  is  cumulative  and  pZw«, — 
relatively  unimportant.  Much  time  is  often  wasted  in  split- 
ting haim  when  "** lining  in"  with  the  transit.  Setting  pins  as 
much  as  six  inches,  first  one  side  and  then  the  other  of  the 
line,  affects  measurements  but  little.  In  ordinary  work  the 
chainmen  line  themselves  in.  The  rear  cfaainman  moves  his 
hand  right  or  left  to  line  the  head  chainman  in:  a  vigorous 
motion,  move  quite  a  distance;  a  slight  motion,  a  small  dis- 
tance. Much  time  can  be  saved  if  the  head  chainman  will  line 
himself  in,  approximately,  by  looking  backward  over  the  heac' 
of  the  rear  chainman  to  the  point  or  station  from  which  the 
measurement  is  being  made.  In  accurate  work  the  transitman 
** lines  in"  the  head  chainman,  in  which  case  the  rear  chainman 
must  keep  out  of  the  line  of  sight.  Range-poles  are  sometimes 
used  in  lining  in. 

64.  Error  due  to  Sag.  Error  is  cumulative  and  plv^. 
There  are  three  ways  of  eliminating  error  due  to  sag.  (1)  Put 
an  extra  pull  on  the  tai>e  which  will  stretch  it  enough  to  offset 
the  sag — quite  difficult  to  do.  (2)  Calculate  the  correction  from 
the  equation  of  the  curve  and  apply  the  correction.*     If,  how- 

*  The  following  formulas  for  sag  and  pull  are  derived  in  Johnson's 
Surveying,  p.  505: 

c  —  excess  (in  inches)  in  length  of  curve  over  the  linear  distance  between 
supports;  d  =  distance  between  supports  in  inches; 

w  =»  weight  of  one  inch  of  tape  in  pounds ;  P  =  pull  in  pounds 

d  (wdY 
'^24yp)  • 

Co  =  correction  for  pull  in  inches;  Z  =  length  of  tape  in  inches; 

«§  =  cross-sectional  area  of  tape  in  square  inches; 

j&  =  modulus  of  elasticity.     (If  not  known  for  the  tape  it  may  be  taken 
at  28,000,000) 

IL 

SE' 
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The  pull  required  to  balance  sag  is 

(This  pull  is  called  normal  tcu^vnu'i 
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ever,  work  is  important  enough  for  sag  to  be  taken  into  account 
it  will  usually  warrant  the  expense  of  (3)  providing  supports 
near  enough  together  to  practically  eliminate  sag. 

65.  Errors  due  to  Uneven  Pull.  If  the  pull  is  always  .too 
large  or  always  too  small  the  error  becomes  cumulative  other- 
wise it  may  be  compensating.  Pull  is  unimportant  except 
in  very  accurate  work;  ordinarily  guessed  at;  it  should  be 
strong  but  steady,  from  8  to  12  lbs.  One  can  guess  nearer  if 
he  actually  experiments  with  a  spring-balance  a  few  times. 
An  ordinary  100-ft.  steel  tape  stretches  less  than  yIv  of  an  inch 
per  pound  of  pull. 

66.  Errors  in  Marking  Tape-lengths.  Compensating,  ex- 
cept for  very  short  lines;  important.  When  chain-pins  are 
used,  observe  the  directions  on  p.  35  for  setting  pins.  In 
accurate  work  the  error  is  greatly  reduced  by  making  fine 
scratches  to  mark  the  tape-lengths.  Disturbing  pins  after  they 
are  set  must  be  classed  as  a  blunder.  One  of  the  greatest  sources 
of  error  in  marking  tape-lengths  is  in  plumbing  down  from  an 
end  of  the  tape  held  off  the  ground. 

67.  Errors  in  Reading  the  Tape.  Compensating,  Errors 
in  reading  the  tape  are  not  likely  to  be  important  unless  large 
enough  to  be  classed  as  actual  mistakes  or  blunders.  In  very 
accurate  work,  however,  such  as  the  measurements  of  base-lines, 
they  become  important,  and  some  device  provided  with  a 
microscope  or  magnifying-glass  is  often  used  for  observing 
graduation-marks  on  the  tape.  If  the  tape  is  graduated  con- 
tinuously throughout  its  length,  important  sources  of  mistakes 
are  avoided.  Otherwise  chainmen  forget  to  subtract  the  one 
foot  from  the  first  reading  (see  Art.  50,  p.  34),  or  they  read 
from  the  wrong  end  of  the  tape,  especially  if  the  distance  is 
only  a  little  greater  or  less  than  half  the  length  of  the  tape. 
Thus,  39  ft.  instead  of  61  ft.,  or  55  ft.  instead  of  45  ft.  (see  p.  33). 

Another  common  mistake  is  to  read  on  the  wrong  side  of  a 
number,  as,  for  example,  41  instead  of  39  (see  p.  33).  This 
mistake  is  most  likely  to  occur  when  the  numerals  on  the  tape 
are  placed  at  the  five-foot  points  only,  but  even  when  using  a 
tape  that  has  every  foot  numbered  it  is  best  to  follow  the  rule 
on  page  33  and  read  the  number  on  each  side  of  the  given  point. 

Blunders  in  keeping  count  of  tape-lengths  are  very  common. 
When  pins  are  used  such  blunders  may  be  avoided  by  keeping 
tally  with  the  pins  (p.  35). 
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68.  Sources  of  Errors  in  Chkining. — Summary. 

1.  Incorrect  length  of  tape Cumulative       +  or  — 

2    Tape  not  stretched  korizorUally Cuniulative  + 

3.  Tape  not  stretched  tight  and  straight, 

but  both  ends  in  line Cumulative  + 

4    Error  due  to  temperature Cumulative       +  or  — 

6.  Error  in  alignment Cumulative  + 

6.  Error  due  to  sag Cumulative  + 

7.  Variation  in  pull Compensating       i 

8.  Error  in  setting  chain-pins Compensating       ± 

9.  Disturbing  pins  after  they  are  set Blunder 

10.  Errors  in  reading  the  tai:>e Mistake 

11    Incorrect  count  of  tape-lengths Blunder 

.  69.  Relative  Importance  of  Sources  of  Error.     As  an  aid 

to  the  discussion  of  this  subject  a  table  has  been  prepared 
showing  for  each  source  of  error  the  conditions  which  will  cause 
an  error  of  0.01  ft.  (or  about  J  in.)  in  a  distance  of  100  ft. 
Some  of  the  values  given  will  differ  for  different  tapes,  but  they 
are  approximately  correct  for  the  average  100  ft.  steel  tape. 

Conditions.  Error, 

1.  Length  of  tape,    A  difference  of  J  in.  from  standard 

length 0.01  ft. 

2.  Tape  not  horizontal.     One  end  1.4  ft.  higher  than  the 

other  end 0.01'* 

3.  Tape  not  stretched  tight.      Center  of  tape  0.7  ft.  or 

8i  in.  out  of  line 0.01  '* 

4.  Temperature,     For  every  fifteen  degrees  change. ...   6.01  '* 

5.  Alignment.     One  end  of  tape  in  line,  the  other  1.4  ft. 

out  of  line 0.01  " 

6.  Sag,     The  middle  of  the  tape  0.61  ft.  or  7f  in.  below 

the  ends .- 0.01  " 

7.  PtiU,     For  every  15  pounds  pull 0.01^' 

8.  Marking  tape-lengths.     Error  of  J  in.  in  marking  or 

plumbing 0.01  " 

9.  Reading  tape.    Error  of  J  in.  in  reading 0.01" 

(a)  From  inspection  of  this  table  it  is  evident  that  an  error 
of  0.01  ft.  in  100  ft.  is  much  more  likely  to  occur  from  some 
sources  than  from  others.  It  is  quite  likely  that  the  tem- 
perature will  vary  15°,  but  not  at  all  likely  that  the  pull  will 
vary  15  pounds.  Chainmen  are  more  likely  to  chain  along 
a  slope  without  realizing  that  one  end  of  the  tape  is  1.4  ft. 
lower  than  the  other  than  they  are  to  allow  one  end  of  the 
tape  to  get  1.4  ft.  out  of  line  when  chaining  between  two  points. 

A  steel  tape,  unknown  to  the  surveyor,  may  be  J"  too  long 
or  too  short,  and  though  it  may  not  occur  to  him  to  test  the 
length  of  the  tape,  yet  he  is  very  careful  not  to  make  an  error 
of  J  in.  in  marking  tape-lengths  (an  error  less  important  because 
compensating). 
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In  ordinary  work  certain  errors  liha  that  due  to  tempera- 
ture are  unimportant ^  because  it  is  not  necessary  to  take  them 
into  account  in  order  to  gain  the  required  precision,  and  for  that 
class  of  work  they  are  said  to  be  inappreciable  (see  Art.  23) ;  but 
,for  city  work  and  other  accurate  work  these  same  errors  become 
appreciable  and  important. 

(6)  In  judging  of  the  relative  importance  of  errors  the  fol- 
lowing additional  points  are  to  be  kept  in  mind: 

1.  Cumulative  errors  are  more  important  than  compensating 
errors,  but,  as  shown  above,  not  all  cimiulative  errors  are  equally 
important. 

2.  In  a  short  line  a  compensating  error  may  occur  only  once 
or  twice  and  thus  fail  to  be  compensating.  For  example^ 
if  the  length  of  a  line  is  a  httle  less  than  two  tape-lengths,  any 
error  in  marking  the  end  of  the  first  tap)e-length  is  not  com- 
pensating. The  more  tape-lengths  there  are  in  a  line  the  more 
likely  are  such  errors  to  be  truly  compensating,  and  the  more 
times  a  line  is  measured  the  more  likely  are  accidental  errors 
to  disappear  from  the  mean.     (See  p.  13.) 

3.  One  cumulative  error  sometimes  balances  another  cumu- 
lative error.  For  example,  a  strong  pull  may  offset  sag,  or 
high  temperature  may  offset  a  slight  shortage  in  the  length 
of  a  tape. 

4.  Other  things  being  equal,  it  is  most  important  to  guard 
against  those  errors  which  are  most  likely  to  occur, 

70.  Limits  of  Error.  The  allowable  error  in  chaining  is 
often  determined  by  the  time  and  money  spent  on  a  sur- 
vey and  not  by  the  importance  of  obtaining  accurate  results. 
Assuming,  however,  that  the  surveyor  can  proceed  regardless 
of  time  or  expense,  he  should  for  any  particular  piece  of  work 
determine  the  limit  of  error  within  which  the  chainmen  must 
come.  The  purpose  of  a  survey  determines  this,  but  different 
parts  of  the  same  survey  may  require  different  degrees  of  accu- 
racy. For  example,  a  survey  is  made  of  a  city  lot  with  build- 
ings on  it,  to  be  plotted  to  a  scale  of  1"  =  20  ft.  Unless  the 
dimensions  of  the  buildings  are  to  be  put  on  the  map  or  kept 
for  record,  no  great  care  is  necessary  in  measuring  them,  for 
^  of  an  inch  on  the  map  equals  a  foot,  and  an  error  of  less 
than  i  ft.  will  hardly  show.  On  the  other  hand,  the  lengths 
of  boundary-lines  should  be  determined  as  accurately  as  possi- 
ble, because  these  lengths  should  be  written  on  the  map  (by 
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numerals  and  dimension  lines)  regardless  of  scale,  and  if  incor- 
rect they  may  give  rise  to  boundary  dispi^tes.  In  general,  then, 
the  greatest  pains  should  be  taken  in  measuring  distances  to  he 
preserved  in  records  or  on  maps  in  actual  figures,  while  distances 
that  win  be  scaled  from  a  map,  or  distances  needed  simply  to  plot 
a  map,  may  be  measured  less  carefully.  It  is  one  thing  to  know 
the  precision  required,  it  is  another  thing  to  obtain  it.  Some 
conditions  affecting  accuracy  of  the  work  are:  (1)  Correctness 
and  fineness  of  the  graduations  on  the  tape;  (2)  Nature  of 
the  ground  chained,  hilly  or  level,  open  or  covered  with  trees 
and  underbrush;  (3)  Speed,  i.e.,  time  spent  as  determined  by 
the  importance  of  the  work  or  the  allowable  cost;  (4)  Weath- 
er— clear  or  cloudy,  very  hot  or  very  cold,  calm  or  windy; 
(5)  The  effectiveness  of  devices  for  stretching  and  supporting 
*he  tape,  and  for  measuring  temperature;  (6)  The  ability  of 
the  chainmen,  and  their  willingness  to  take  pains. 

71.  Probable  Error  of  a  Line  N  Tape-lengths  Long. 
(a)  A  line  N  tape-lengths  long  may  be  regarded  as  the  sum 
of  N  measurements.  If  the  probable  error  of  each  measure- 
ment (a  tape-length  long)  is  the  same,  and  this  probable  error 
is  represented  by  r,  then  from  formula  (4),  p.  18,  Ra  =  ViVr^ 
or  R-a^rwN.  Thus  it  is  seen  that  the  probable  error  of  the 
total  observed  length  of  a  line  may  be  found  by  multiplying 
the  probable  error  of  one  tape-length  by  the  square  root  of 
the  number  of  tape-lengths  (i.e.,  length  of  the  line  in  tape- 
lengths).  The  more  completely  the  constant  errors  are  elim- 
inated, and  the  more  completely  the  other  assumptions  of 
*' least  squares"  are  fulfilled,  the  nearer  this  formula  is  to  the 
truth.  Its  use,  therefore,  is  chiefly  confined  to  work  of  great 
precision. 

(6)  In  ordinary  chaining  the  accuracy  of  the  work  is  judged 
in  most  cases  by  the  discrepancy  between  two  measurements 
of  the  line  made  with  the  same  care.  In  such  a  case  constant 
errors  do  not  affect  the  discrepancy.  (Why?)  And  since  this 
discrepancy  is  largely  due  to  accidental  errors,  it  will  not  vary 
in  proportion  to  the  length  of  the  line.  On  the  other  hand, 
the  number  of  tape-lengths  is  usually  too  small  to  warrant 
the  application  of  the  theory  of  least  squares  without  reser- 
vation. All  that  can  be  said  is  that  if  the  discrepancy  between 
two  measurements  for  a  hundred  feet  (or  tape-length)  is  a  cer- 
tain amount  d,  it  is  fikely  that  the  discrepancy  for  any  othei 
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length  will  be  D=dy/N,  where  N  is  the  number  of  tape-lengths. 
This  is  considerably  nearer  the  truth  than  to  say  D^dN, 

(c)  Remark.  In  rough  chaining  constant  errors  are  likely  to  predomt- 
nate,  but  in  work  of  great  precision,  where  pains  have  been  taken  to  elimi- 
nate constant  errors,  accidental  errors  are  likelv  to  predominate.  Henee 
in  rough  work  the  true  or  unknowable  error  is  likely  to  vary  more  neariy 
as  the  length  of  the  Une,  but  as  the  precision  becomes  greater  and  greater 
the  true  error  will  vary  more  and  more  nearly  as  the  square  root  of  the 
number  of  tape-lengths.  Notice  that  this  appUes  to  the  true  or  unknow- 
able errors  and  not  to  discrepancies. 

72.  To  Determine  Coefficients  of  Precision,  (a)  When 
the  chaining  is  done  under  such  conditions  as  to  warrant  the 
use  of  the  method  of  least  squares,  the  value  of  r  may  be  deter- 
mined by  measuring  a  line  of  average  length  a  number  of 
times  under  the  conditions  which  will  prevail  in  the  measure- 
ment of  other  lines;  then  from  the  formulas  on  p.  17  deter- 
mine the  error  of  a  single  observation.  Substitute  this  value 
for  Rb  in  the  formula  Ra=ry/N,  substitute  foriV  its  value,  and 
solve  for  r.     (See  p.  59  for  a  complete  illustration.) 

Another  method  is  to  make  duplicate  measurements  of 
several  lines  of  different  lengths,  and  find  r  from  the  formula 

r  =  0.4769 1/ -5—,  where  d  =  difference  between  two   measure- 
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ments  of  same  line,  i'  =  siun  of,  n= number  of  lines,  and  p  is 
the  weight  for  any  one  line,  which  varies  inversely  as  its«length, 

or  p=-T-.     (See  Merriman^s  Method  of  Least  Squares,  p.  103.) 

(6)  For  ordinary  chaining  where  the  use  of  the  method  of 
least  squares  is  hardly  justified,  the  value  of  (2  in  D^d's/N 
may  be  obtained  by  measuring  a  line  of  average  length  a  num- 
ber of  times  under  the  prevailing  conditions  of  field  work,  and 
substituting  for  D  the  mean  of  the  discrepancies,  solve  for  d. 

(c)  lUuetrtUion.  The  average  length  of  lines  in  a  survey  will  be,  say, 
about  400  ft.  The  chaining  is  to  be  done  under  favorable  conditions.' 
Four  measurements  of  a  line,  made  as  nearly  as  possible  with  the  same 
speed  and  under  the  same  conditions  that  will  prevail  in  the  survey,  give 
400.1,  399.95,  400.05,  400.15.  Comparing  the  first  measurement  with 
each  of  the  other  three,  the  second  with  the  succeeding  two,  the  third 
with  the  fourth,  six  discrepancies  are  obtained  and  the  mean  is 

(0.15  +  0.05  +  0.05  +  0.1 +0.2  +  0.1)  +  6  =  0.1083. 
Then  0.1083  -  dv^,  or  d  =  0.0542^   For  any  other  line  the  disoiepanoy  may 

be  expected  to  be  about  0.0542 ^iV,  or  for  a  Une  say  900  ft.  long  0.0542V^— 
0.1626  ft. 

73.  Customary  Limits  of  Error,  (a)  The  method  suggested 
in  the  preceding  illustration  for  comparing  measurements  of 
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different  lines  is  for  guidanee  only,  and  in  determining  the  eo- 
elficie&t  d  it  is  absurd  to  carrj-  results  to  several  decimal  places 
as  was  done  in  thai  illustration.  When  it  is  not  north  while 
to  determine  d  in  the  field  it  may  be  nsBumcd  as  0.01,  0.02, 
0.03,  or  some  other  quantity  which  accords  with  experience. 
In  order  to  give  some  definite  idea  of  what  constitutes  good 
chaining  under  favorable  conditions,  coefficients  are  suggested 
.n  Table  I,  on  the  next  page,  for  different  clasiies  of  work.  For 
hilly,  rough  country  they  must  be  modified,  especially  if  under- 
brush, bad  weather,  and  other  unfavorable  conditions  prevail. 
I'nder  such  conditions  coefficients  called  fairly  good  in  the 
tuble  may  become  good  or  even  e.xceiient,  and  the  same  is  true, 
iil:Jo,  when  the  purpose  of  the  survey  does  not  require  veiy 
accurate  results. 

The  impossibility  of  fixing  any  standard  for  chaining  owing 
to  varying  conditions  is  of  course  apparent,  and  the  coefficients 
given  are  for  guidance  only;  they  should  lie  modified,  when 
necessary,  to  accurd  with  the  dictates  of  common  sense  and 
experience.  It  is  assumeil  that  the  duplirale  meaBurements, 
from  which  the  discrepancy  in  liny  given  case  is  deter- 
mined, are  made  under  approxinialely  the  same  conditions 
.—same    chainmen,   same   ta|>e,  same   temperature,  and   same 

The  upper  part  of  the  fable  suggests  coefficients,  and  the 
lower  part  gives  the  allowable  discrepancies  for  lines  of  different 
longths  and  for  diflerent  coclficienta. 
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line  may  be  considered  to  indicate  closely  the  variation  to  be 
expected  in  comparaliveli/  short  lines,  but  as  the  lines  become 
longer  the  discrepancy  uill  vary  more  nearly  as  the  square  root 
of  the  length.  Table  II  has  been  made  out  on  the  assumption 
that  the  conditions  for  chaining  are  favorable;  for  unfavorable 
conditions  the  values  muKt  be  modified.  The  warning  against 
the  injudicious  use  of  Table  I  holds  good  for  this  table  a 
For  lines  less  than  lOUO  ft.  long  the  values  in  the  two  tables 
correspond  closely  (see  Table  III),  and  hence  it  makes  little 
difference  which  is  used,  although  Table  II  is  in  the  more  con- 
venient form.    For  lines  over  1000  ft.  use  Table  I. 

Table  I 

COEFFICIENTS  OF  PRECISION  FOR    CHAINING 
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<nent.  ^Run  the  eye  down  the  column  untU  opposite  the  lenith  of  ths  line 

chained.      The  fesull  is  (he  discrepancy  in  feet  which  may  be  reRwnably 

expected.     For  0.008,  0.OO5,  etc.,  use  eoliunna  0.02.  O.OS,  etc..  add^ 
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(6)  lUuatrcUiona.  Two  measurements  made  with  a  steel  tape  under 
ordinary  conditions  are  651.2  and  651.15.  The  discrepancy  is  0.05. 
Nearest  value  in  Table  II  for  600  ft.  for  given  conditions  is  0.048,  or  ratio 
is  Tsisof  which  is  considered  good.  In  very  accurate  work  this  would 
not  be  considered  as  even  passable. 


Table  III 

COMPARISON  OF   RESULTS   FROM  TABLE  I   WITH  THOSE 

FROM   TABLE  II 


Jjdngth 

300 

600 

Tables 

I                    II 

I                    II 

Excellent 

Chain,  plumb-bob,  cha 
0.05  -0.07         0.06 
0.09  -0.14         0.12 

in-pins,  average  speed 
0.07  -0.10          0.12 

Good 

0.12  -0.20          0.24 

Excellent 

Steel  tape,  plumb-bob, 
0.017-0.035       0.012 
0.035-0.07         0.024 
0.07  -0.09         0.06 

chain-pins,  aver.speed 
0.024-0.049        0.024 

Good 

0.049-0.10         0.048 

Fair 

0.10  -0.12         0.12 

Excellent 

Steeltape,  spring-balan 

corresponding 

0.003-0.009       0.003 

0.009-0.017       0.006 

0.017-0.035       0.012 

ce,  thermometer,  and 
precautions 
0.005-0.012       0.006 

Good 

0.012-0.024       0.012 

Fair 

0.024-0.049       0.024 

Length 

1000 

5000 

Tables 

I                    II 

I                   II 

Excellant 

Chain,  plumb-bob,  cha 
0.09  -0.13          0.20 
0.16  -0.25          0.40 

in-pins,  average  speed 
0.21-0.28            1.0 

Good 

0.35-0.57           2.0 

Excellent 

Steel  tape,  plumb-bob, 
0.032-0.063        0.04 
0.063-0.13          0.08 
0.13  -0.16          0.20 

chain-pins,  aver,  speed 
0.07-0.14           0.2 

Good 

0.14-0.28           0.4 

Fair. 

0.28-0.35            1.0 

Excellent 

Good 

Steel  tape,  spring-balan 
corresponding 
0.006-0.016       0.01 
0.016-0.032       0.02 
0.032-0.063        0.04 

ce,   thermometer,  and 
precautions 
0.014-O.035       0.05 
0.035-0.071        0.1 

Fair 

0.07  -0.14         0.2 

75.  Comparison  of  Tables  II  and  III.  In  Table  III  discrepancies  for 
300,  600,  1000,  and  5000  feet  taken  from  Table  I  are  compared  with 
values  taken  from  Table  II.  It  is  seen  that  for  lengths  up  to,  say,  1000  ft. 
there  is  not  much  difference,  but  beyond  that  point  the  discrepancies 
from  Table  II  increase  much  more  rapidly  than  do  those  from  Table  I. 
This  is  of  course  to  be  expected,  since  in  Table  II  discrepancies  vary  as 
the  length  of  the  line,  while  in  Table  I  they  vary  as  the  square  root  of  tlM 
length.  For  example,  in  good  chaining  under  ordinary  conditions  the 
apparent  error  for  300  ft.  should  not  exceed  from  0.035  to  0.07  (Table  I) 
or  0.024  (Table  II);  for  600  ft.  the  values  are  closer,  0.049  to  0.1  (Table  I) 
and  0.048  (Table  II);  for  1000  ft.,  0.063  to  0.13  (Table  I)  and  0.08  (Table 
21).     For  5000  ft.,  or  a  little  less  than  a  mile,  the  value  from  Table  II  has 
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inciieased  to  0.4  ft.,  which  is  0.12  ft.  greater  than  0.28,  the  maximum  value 
fitmi  Table  I.  The  rougher  the  measurements  the  more  striking  is  the 
difference  between  the  two  tables  for  lengths  over  1000  ft.,  as  shown  by 
the  first,  second,  and  fifth  lines  in  the  above  table  for  length  5000. 

76.  Requirements  Corresponding  to  Different  Limits 
of  Precision,  (a)  In  ascertaining  the  requirements  for  any 
given  limit  of  precision  the  sources  of  error  summarized  in 
Art.  68,  p.  43,  must  be  considered.  It  is  necessary  to  know 
what  errors  may  be  neglected  and  to  what  extent  the  others 
must  be  eliminated  or  corrected.  This  is  the  only  way  in  which 
the  surveyor  can  be  reasonably  sure  that  the  discrepancy  or 
the  'probable  errors  as  the  case  may  be,  really  indicates  the 
precision  of  his  work.  Some  of  the  questions  he  must  settle 
are,  how  accurately  to  read  the  tape,  to  mark  the  tape-lengths, 
to  -keep  the  chain  horizontal;  to  what  extent  sag  must  be 
eliminated,  and  within  what  limits  the  temperature  must  be 
known.  In  a  general  way  the  answers  to  these  questions  are 
indicated  in  Tables  I  and  II.  As  a  further  aid,  the  following 
table  of  approximate  values  has  been  prepared.  The  table 
shows  what  amounts  per  100  ft.  correspond  to  different  limits 
of  precision  for  each  of  the  different  sources  of  error. 

Table  I . 


Ratio  of  precision 


Error  in  100  ft. 


1.  Error  in  length  of  the 

tapKB 

2.  Dif.  in  t^evation    of 

ends  of  tape 

3.  Center  of  tape  out  of 

line 

4.  Change  in  tempero/ure 

5.  One  end  of  tape  out 

of  line 

6.  Sag  at  the  middle  of 

tape 

7.  Variation  in  the  pull . 

8.  Error     in     marking 

tape-lengths 

9.  Error  in  reading  the 

tape 


Errors  per  100  ft.  from  different  sources  corre- 
sponding to  diffe  "ent  ratios  of  precision 


1 
5000 


0.02 


ft.  or  in. 

0.02      i 

2.0      24 

1.0      12 
30** 

2.0      21 

0.86  10| 
30  lbs. 

0.02      i 

0.02      i 


1 
10000 


0.01 


ft.  or  in. 
0.01         i 


1.4 
0.7 


16i 


15° 

1.4      16j 

0,61      71 
15.  lbs 


0.01 
0.01 


1 

1 

20000 

60000 

0.005 

0.002 

ft.  or  in. 

ft.  or  in. 

0.005      A 

0.002     A 

1.0        12 

0.63      7  A 

).5          6 
7.5» 

0.3          31 
3° 

1.0        12 

0.63     7A 

0.43        5i 
7.5  lbs. 

0.27        3i 
3  lbs. 

0.005      A 

0.002   4*0 

0.005      Vj 

0.002    A 

100000 

0.001 

ft.  or  in. 

0.001     ^ 

0.44       51 

0.24        2} 
1.5° 

0.44        5i 

0.19        2i 
1.5  lbs. 

0.001    ^ 

0.001    ^ 
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(6)  The  chief  use  for  Table  IV  is  to  indicate  the  precau- 
tions which  are  necessary  in  order  to  attain  certain  degrees 
of  precision.  Thus,  for  example,  it  is  seen  that  a  variation 
of  15°  in  temperature  will  cause  an  error  of  J"  per  100  ft.  cor- 
responding to  Tshwst  ^^d  3,  sag  of  7f"  will  cause  the  same 
error.  If  one  end  of  a  100-ft.  tape  is  12"  out  of  line,  it  will 
cause  an  error  of  0.005  ft.,  or  ^"  (or  ^j^J^^),  while  it  will  take 
a  v3,riation  in  pull  of  7  J  lbs.  to  cause  the  same  error.  An 
error  of  }"  in  the  length  of  the  tape,  in  marking  tape-lengths, 
or  in  reading  the  tape,  is  equivalent  to  rAv-  -^.n  idea  of  the 
extreme  precautions  necessary  for  a'precision  of  i^^^^^n  is  gained 
from  the  last  column,  where  a  sag  of  2i"  will  in  itself  cause 
an  error  equal  to  this  limit.  A  variation  of  1J°  in  tempera- 
ture or  IJ  lbs.  of  pull  will  cause  the  same  amount;  hence  the 
need  of  a  thermometer  and  spring-balance. 

(c)  Combining  errors.  It  is  comparatively  easy  to  estimate 
the  approximate  error  for  a  single  tape-length  which  may  be 
exj>ected  from  each  source  of  error  under  given  conditions, 
but  it  is  not  a  simple  problem  to  combine  these  errors  in  order 
to  determine  the  total  error  which  may  be  expected  in  a  line 
a  number  of  tape-lengths  long.  Thus,  for  example,  a  sur- 
veyor may  know:  (1)  That  the  error  in  the  length  of  his  tape 
does  not  exceed,  say,  ^";  (2)  That  the  maximum  error  in 
keeping  his  tape  horizontal  will  not  exceed  1.4  ft.;  (3)  That 
the  center  of  his  tape  will  never  be  out  of  line  more  than  4"; 

(4)  That   the   variation  in   temperature  will  not  exceed   15°; 

(5)  That  one  end  of  the  tape  lined  in  by  eye  will  never  be 
more  than  12"  out  of  line;   (6)  That   sag  will  not  exceed  7"; 

(7)  That  the  variation  in  pull  will  not  exceed  3  lbs.;  (8)  That 
the  error  in  marking  each  tape-length  will  not  exceed  ^" ;  and 
(9)  That  the  tape  will  be  read  to  the  nearest  0.01  ft.  From 
the  table  the  errors  in  feet  per  100  ft.  are:  (1)  =  0.005,  (2)  =0.01, 
(3)  =0.002,      (4)  =0.01,      (5)  =0.005,      (6)  =0.01,     (7)  =0.002, 

(8)  =0.005,  (9)  =0.01. 

Assuming  that  these  values  correspond  to  the  same  degree 
of  care  in  chaining  and  that  all  have  the  same  algebraic  sign, 
their  sum  (0.059)  is  the  maximum  possible  error  that  could 
occur  in  100  feet — a  precision  of  about  ttVtt-  I*  ^s  evident, 
however,  that  to  add  the  errors  from  all  nine  sources,  and 
then  multiply  the  result  by  the  number  of  tape-lengths  in  the 
length  of  a  line,  will  not  give  the  total  error  for  the  following 
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reasons:  (1)  Constant  errors  from  some  sources  may  be  plus, 
while  constant  errors  from  other  sources  may  be  minus,  and 
hence  sven  constant  errors  may  tend  to  balance  each  other; 
(2)  While  that  part  of  the  total  error  due  to  constant  or  cumu- 
lative errors  varies  as  the  number  of  tapo-lengths,  that  part 
due  to  accidental  or  compensating  errors  varies  as  the  square 
root  of  the  number  of  tape-lengths. 

The  term  error  as  used  above  means  the  true  or  unknowable 
error  as  distinguished  from  the  discrepancy  between  dupli- 
cate measurements.  As  already  pointed  out  the  discrepancy 
is  not  affected  by  constant  errors  (p.  11). 

The  problem  of  how  far  the  constant  error  from  each  source 
must  be  eliminated  in  order  that  the  discrepancy  between 
two  measurements  of  a  line  shall  indicate  the  true  error  within 
prescribed  limits  (assuming  no  mistakes  are  made)  is  seen 
to  be  a  complicated  one.  Even  could  proper  algebraic  signs 
be  given  to  constant  errors  from  different  sources,  it  would 
still  be  difficult  to  assign  values  which  would  represent  the 
same  care  in  the  corresponding  operations  of  chaining.  In 
practice,  time  and  expense  usually  limit  the  precautions  to 
be  taken  in  elimirating  constant  errors,  and  where  the  work 
is  important  enough  to  warrant  it  the  aim  is  to  eliminate 
^or  correct  the  error  from  each  source  as  far  as  it  is  possible 
(or  human  skill  to  do  it  under  the  prevailing  conditions.  In 
ordinary  work  however,  the  practical  question  is  not  how  to 
attain  the  greatest  precision  but  how  to  attain  the  required  pre- 
cision, and  this  means  that  the  chainmen  should  know  what 
errors  to  slight  and  what  not  to  slight.  Chainmen  too  often 
waste  time  and  effort  in  eliminating  errors  which  are  relatively 
unimportant,  and  ignore  at  the  same  time  errors  which  are 
much  more  serious.  A  careful  study  of  this  chapter  and  es- 
pecially of  Art.  69,  p.  43,  and  of  Table  IV  should  help  to  correct 
such  a  tendency. 


CHAPTER  VI 
CHAINING.    SPECIAL  WORK 

In  this  chapter  methods  are  given  for  chaining  between  p<Mnt8  when 
they  are  not  visible  from  each  other,  for  referencing  points,  for  making 
a  chain  survey,  for  measuring  bf^-lines,  and  for  doing  similar  work  which 
may  arise  in  practice,  but  which  is  not  a  part  of  the  routine  of  chaining. 

Purely  geometrical  and  trigonometrical  problems  in  chaining  are  treated 
in  the  next  chapter. 

77.  Obstacles  to  Chaining.  In  addition  to  the  two 
examples  here  given,  other  obstacle  problems  with  geometrical 
solutions  are  given  in  Chapter  VII. 

(a)  To  chain  over  a  high  wall  or  other  similar  obstacle.  Drive 
two  nails  through  a  board,  the  heads  projecting  on  one  side 
and  the  points  on  the  other.  Lay  the  board  across  the  wall 
with  the  points  of  the  nails  up,  and  bring  both  nails  in  fine. 
Suspend  a  plumb-line  from  the  head  of  each  nail  and  thus 
establish  two  points  on  the  ground,  one  each  side  of  the  wall/ 
a  known  distance  apart  (i.e.,  distance  of  nails  apart).  A 
transit-pole  with  plumb-lines  tied  to  it  can  be  used  in  place 
of  the  board  and  nails. 

(6)  To  chain  between  two  points  when  woods  or  underbrush 
intervene  so  that  neither  point  can  be  seen  from  the  other.  Start- 
ing at  one  of  the   points  A,  chain  along  a  straight  line  AC 

as  nearly  as  can  be  guessed  at  in  the 
direction  of  the  other  point  B.  Measure 
the  distance  CB  that  this  line  strikes 
to  one  side  or  the  other  of  B,  Assume 
Fio.  77  (&).  any  distance  on  AC  a.8  AD,  and  from 

ADxCB 
similar  triangles  DE  =  — -jjy —  •    Lay  off  DE,  thus  establishing 

the  point  E,  If  this  is  done  with  reasonable  care,  the  line  AE, 
when  produced,  should  pass  through  B,  or  near  enough,  at  least, 
to  show  where  a  line  should  be  cleared  for  the  final  chaining. 

78.  Referencing  a  Point,     (a)  To  fix  its  position  with  re- 
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W//mw/////4, 


i 


Fio.  78  (6). 


A< 


% 


GO 


Distance 


I'^/'t-tOp 


spect  to  two  or  more  points,  so  that  if  it  is  lost  or  destroyed 
it  may  be  easily  restored.  There  are  three  ways  of  doing 
this  with  the  tape,  corresponding  to  three  of  the  methods  of 
locating  a  point  in  Art.  8,  p.  4:  (1)  By  two  distances;  (2)  By 
offset;  (3)  By  two  intersecting  lines. 

(6)  IUu8tration.     (1)  Let  A  in  Fig.  78  (&)  be  a  tack  in  a  stake.     Two 

distances  from  the  corners  of  a  building  near 
by  were  measured,  thus  referencing  A.  If  the 
stake  is  destroyed,  another  may  be  easily  reset, 
provided  the  intersection  of  the  two  reference-lines 
is  sharp  and  definite.  The  point  B,  for  exam- 
ple, cannot  be  referenced  accurately  from  the 
same  two  comers  because  it  is  too  nearly  in  a 
straight  line  between  them  for  the  intersection 
to  be  definite. 

(c)  Illustration.     (2)  In  Fig.  78  (c)  the  point 
C  was  referenced  by  meas- 
uring a  distance  along'  a 
fence  from  a  fence-corner, 

and  then  another  distance  out  at  right  angles.     This 

method  is  more  difficult  and  less  accurate  in  field 

work  than  that  of  the  preceding  illustration. 

(d)  Illustration.     (3)  A    third    method    of    refers 

encing  a  point  is  to  establish  two  other  points  in 

the  same  straight  line,  one  each  aide  of  the  given 

point,  and  measure  the  distance  from  the  given  point 

to  each  of  these  reference-points.     Or,  better  still, 

establish    four   reference-points    so   that    the    given  „       'rfi  /  \ 

point  may  be  determinea  without  measurement  by  ^^^'  '°  ^^^* 

the  intersection  of  two  straight  Unes.     (See  Fig..8  (6),  p.  4.) 

79.  To  Chain  between  Two  Points  when  Neither  can  be 

Seen  from  the  Other,     (a)  Illustration,     Let  A  and  D  be  two 

points  with  the  brow  of  a  hill 

between  them^     One  chainman, 

Bf  goes  as  far  back  as  he  can 

and    still    see    D.     The    other 

chainman,  C,  goes  as  far  down 

hill  as  he  can  and  still  see  .^.     B 

and  C  are  both  out  of  line,  but 

they  proceed  to  line  each  other 

in   alternately.     B   lines    C   in 

with  D,     C  then  lines  B  in  with 

A.     B  again  lines  C  in  with  D, 

and  C  again  lines  B  in  with  A. 

Thus  the  process  is  carried  on  until  both  B  and  C  are  in  line. 

Poles  are  set  at  B  and  C,  and  these  enable  the  chainmen  to 

measure  in  a  straight  line  between  A  and  D,     The  method  of 

Art.  77  (b)  can  also  be  used. 

(5)  Practical  suggestions.     Poles  may  be  set  at  A  and  D  to  begin  with. 
The  chainmen   themselves   can   hold  either  poles  or  plumb-lines.     Time 
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\«ill  be  saved  if  wben  one  cfaainman  is  lining  the  other  in  he  will  send 

a  little  farther  in  the  direction  in  which  he  is  moving  than  appears  necea- 
sary.  Thus  in  Fig.  79  (a)  B  moves  C  to  C"  instead  of  to  C,  and  C"  then 
moves  B  to  B"  instead  of  to  B\  and  so  on. 

<c)  Remark.  When  a  valley  intervenes  between  two  points  a  similar 
method  can  be  employed  to  establish  points  on  line  in  the  valley.  In 
most  cases,  however,  since  one  point  can  be  seen  from  the  other,  a  pole  is 
set  on  line  with  the  transit.  When  a  transit  is  not  at  hand  still  another 
method  is  as  follows:  One  chainman  holds  a  plumb-line  over  one  point 
and,  placing  his  eye  so  that  the  string  covers  a  rod  held  at  the  other  point 
(on  the  opposite  hill),,  lines  in  a  second  rod  held  in  the  valley  until  it  too 
is  covered  by  the  string. 

80.  To  Make  a  Chain  Survey.    It  is  sometimes  necessary 
to  make  a  complete  survey  using  the  tapo  only.     In  many 

cases  this  can  be  done  with  as  great 
accuracy   as   the   purpose   of   the 
survey    requires.     In    Fig.    80    is 
shown  the  survey  of  a  house  and 
lot,  in  which  no  angles  were  meas- 
ured.    A    station    S    was    chosen 
from  which  all  four  comers  of  the 
lot  could  be  seen.     The  four  sides 
of  the  lot  and  the  four  dotted  lines 
were  measured.     From  these  eight 
measurements  the  boundaries  of  the 
lot  were  plotted.     Had  it  not  been  for  the  house  it  would  have 
been  simpler  to  divide  the  quadrilateral  by  diagonals  into  two 
triangles  instead  of  four. 

(a)  Quegtion,     T^'hat  is  the  best  method  of  locating  the  house  by  linear 
measurements  only? 

(b)  Question.  If  desired,  how  can  the  angle  at  each  of  the  four  fence- 
comers  be  found  from  the  eight  original  measurements? 

(c)  General  method  for  a  chain  survey.  EstabUsh  a  system  of 
triangles  to  serve  as  reference-hnes.  This  network  of  triangles 
should  be  as  simple  as  possible  and  planned  with  an  eye  to 
locating  details.  Measure  the  three  sides  of  each  triangle. 
Locate  details  with  respect  to  the  most  convenient  reference- 
lines  by  any  of  the  methods  for  linear  measurement  given  in 
Chapter  XIII. 

(d)  Remark.  The  transit  is  used  so  generally  that  students  are  apt 
to  think  that  a  survey  cannot  be  made  with  a  tape  alone.  For  short  lines 
and  small  areas,  however,  the  tape  will  often  answer  every  purpose.  Eiven 
horizontal  angles  can  be  measured  with  it  (p.  63),  though  this  is  not  often 
necessary.     The  reference-lines  are  laid  out  in  triangles  to  save  measuring 

'  angles,  and  this  is  the  chief  difference  between  a  chain  survey  and  a  traitfit 
survey. 

81.  Locating  Houses,  Fences,  Streets,  Streams,  and 
Other  Details  with  the  Tape.     Not  only  in  chain  surveys. 
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bat  in  transit  surveys  as  well,  the  chainmen  are  often  called 
upon  to  locate  details  of  the  survey  with  reference  to  transit 
lines  by  the  use  of  the  tape  alone.  The  methods  of  locating 
such  details  by  linear  measurements  only  are  fully  discussed 
b  Chapter  XIII. 

82.  To  Measure  a  Base-line,  or  any  other  straight  line  with 
more  than  ordinary  accuracy.  There  are  several  devices  for 
measuring  base-lines  with  great  accuracy  (see  Chapter  XVI). 
The  following  method  in  which  a  steel  tape  is  used  should  give 
results  accurate  enough  for  most  purposes;  i.e.,  with  reason- 
able care  the  discrepancy  between  two  measurements  of  the 
same  line  should  not  exceed  y^nftrinr-  Th^  *^P®  's  supported 
by  stakes,  the  pull  is  kept  at  standard  with  a  spring-balance, 
and  a  thermometer  gives  the  temperature  for  which  correction 
is  made.  Thus  the  three  chief  sources  of  error  are  as  far  as 
possible  avoided.     The  work  may  be  outlined  as  follows: 

(1)  Drive  stakes  at  short  intervals  along  the  line  so  that 
TfYxen  a  tape  is  stretched  across  the  tops  it  will  be  horizontal. 
The  (fistances  between  the  stakes  should  be  such  that  the  end 
of  the  tape  will  come  on  a  stake  each  time  that  the  tape  is 
stretched. 

(2)  Stretch  the  tape,  using  a  spring-balance  at  one  end  to 
keep  the  pull  at  8  lbs.  or  12  lbs.  or  whatever  the  standard 
for  the  tape  may  be,  mark  the  end  of  each  tape-length  with 
a  fine  scratch  on  top  of  the  stake,  and  from  a  thermometer 
reading  correct  the  total  measurement  for  temperature  (see 
Art.  62,  p.  40). 

(3)  Repeat  the  measurement  a  niunber  of  times  and  take 
for  the  final  result  the  arithmetical  mean  of  all  the  measure- 
ments, discarding,  of  course,  any  measurement  which  is  ob- 
viously incorrect. 

(1)  Practical  augoeationn.  Use  laiige  stakes,  say  2''X4"  for  intermediate 
stakes  and  4"  X  4"  or  6"  X  6"  for  tiie  two  end  hubs.  All  stakes  must  be 
firmly  set.  They  may  be  lined  in  with  the  transit  and  the  tops  sawe/l 
o£F  to  a  level,  or  nails  may  be  driven  in  the  sides  of  the  stakes,  the  tape 
resting  on  the  nails.  Ti.e  latter  method  is  not  recoinmenrled  for  work 
of  great  precision.  A  zinc  plate  upon  which  to  make  the  scratches  is 
sometimes  put  on  the  top  of  each  stake.  In  important  work  the  two 
end  stakes  or  hubs  should  be  made  more  or  less  f)ermanent  and  the  ends 
of  the  bape-line  carefully  referenced  (p.  64).  Tiiis  is  sometimes  done 
by  setting  the  hub  in  concrete  and  building  a  fence  around  it  to  keep  it 
from  being  disturbed  during  construction.  To  keen  the  tape  in  position 
on  the  tops  of  supporting  stakes  drive  two  small  nails  part  way  into  each 
stake  so  that  there  will  be  one  on  each  side  of  the  tape  when  it  is  stretched. 

(2)  When  it  is  impracticable  to  set  stakes  on  a  level  they  may  be  set 
with  their  tops  (or  supporting  nailn)  on  a  known  slope,  and  the  measured 
(engtb  18  then  corrected  for  the  slojje.     Occasionally  it  ma^  V>^  iv««%w«olt^ 
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to  divide  a  base-line  into  several  sections,  each  section  at  a  diffetent  Ibvti, 
the  plumb-line  being  used  as  in  ordinary  chaining  but  with  more  pre- 
cautions to  insure  accuracy. 

Remark.  The  author's  classes  have  sometimes  used  the  following  method 
for  measuring  a  base-line  through  thick  underbrush.  The  line  was  first 
cleared  by  cutting  the  brush  to  within  a  foot  or  so  of  the  ground.  Tripods, 
belonging  to  a  number  of  levels  and  transits,  were  set  in  line,  20  ft.  apart, 
with  theif  tops  on  a  level.  These  acted  as  supports  for  the  tape,  keeping 
it  three  feet  or  so  above  the  ground.  As  fast  as  tripods  were  left  behind 
they  were  taken  up  and  set  on  line  in  advance  of  the  tape.  If  care  is 
taken  to  prevent  any  movement  of  the  tripods  while  they  are  being  used, 
excellent  results  can  be  obtained. 

Such  a  large  number  of  tripods  will  seldom  be  available  in  practice, 
but  rough  tripods  can  be  easily  constructed  and  used  in  their  places.  For 
an  example  of  a  more  elaborate  apparatus  for  supporting;  and  stretching 
the  tape,  used  for  very  precise  measurements,  see  Engineering  Newe,  Feb.  1, 
1894,  Julv  12,  1894,  Sept.  14,  1902;  also  Transactions  A.  S.  C.  E.,  Aug. 
1902,  and  Johnson's  Surveying,  p.  498. 

(3)  Ideal  conditions  for  base-line  measurements  are  (1)  level  ground, 
(2)  cloudy  weather,  and  (3)  the  same  temperature  as  that  for  which  the 
tape  is  standard.  Needless  to  say  all  three  of  these  conditions  »ridrm 
exist  in  practice.  It  is  difficult  to  ascertain  the  temperature  of  a  tape 
lying  in  the  sun,  hence  a  cloudy  day  or  even  the  night-time  is  preferable 
for  accurate  measurements. 

(4)  A  finely  divided  scale  may  be  used  to  measure  the  decimal  of  a  foot 
in  the  end  measurement. 

(5)  Rough  device^  with  tui-nbuckles  for  keeping  the  tape  steady  and  at 
a  given  pull  are  easily  constructed  and  add  greatly  to  the  accuracy  of 
measurements.  These  devices  are  usually  frameworks  which  can  be 
quickly  moved  and  set  up  to  hold  the  tape,  thus  taking  the  place  of  the 
chainmen.  In  the  absence  of  such  a  device  each  chainman  can-  brace 
his  hands  by  a  stake  held  obliquely  with  one  end  on  the  ground  to  resist 
the  pull.     Whatever  happens  the  supporting  stakes  should  not  be  disturbed. 

(6)  In  chaining  a  base-line  it  is  aesirabie  to  chain  in  opposite  directions 
and  to  proceed  in  such  a  manner  that  in  marking  where  the  end  of  the 
tape  comes  one  is  not  influenced  by  scratches  made  in  previous  measure- 
ments. 

Illustration.  The  supporting  stakes  for  a  base-line  AB  are  20  ft.  apart. 
The  base-line  is  420  ft.  ±  long.  A  lOO-ft.  steel  tape  is  used.  Five  different 
measurements  of  the  line  can  be  made  without  having  two  scratches  on 
the  same  stake. 

A2453i2453i2453i2453iB 

(1)  Starting  at  A  the  scratches  fall  on  stakes  marked  1;  (2)  starting  at 
B  they  fall  on  stakes  marked  2;  (3)  starting  at  A  with  a  measurement 
of  80  ft.,  the  intermediate  measurements  being  100  ft.,  scratches  fall  on 
stakes  marked  3;  (4)  starting  from  B  with  a  first  measurement  of  80  ft. 
they  fall  on  stakes  marked  4;  (5)  finally,  starting  from  A  with  60  ft. 
(intermediate  measurements  100  ft.)  scratches  fail  on  stakes  marked  5. 

83.  To  Find  the  Probable  Error.  Suppose  that  in  the  pre- 
ceding illustration  when  the  corrections  for  temperature  have 
be3n  made,  and  all  other  constant  errors  have  been  eliminated 
as  far  as  possible,  the  five  measurements  are  those  given  in  the 
first  column  on  the  next  page.  It  is  required  to  find  the  proba- 
ble error  of  a  single  measurement  and  the  coefl&cient  of  precision 
for  chaining  (see  p.  46).  This  is  done  by  the  method  of  least 
squares,  using  the  formulas  on  p.  17.  It  will  be  noticed  that  the 
algebraip  smip  of  the  residuals  is  not  zero  as  it  should  be.  This 
is  because  tne  vau^e*  of  v  were  taken  only  to  the  nearest  unit 
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in  the  third  decimal  place,  which  is  sufficient  for  all  practical 
purposes.     The  work  is  given  in  detail  below. 


lasurement. 

V 

v^ 

419.862 

0.002 

0.000004 

419.863 

0.003 

0.000009 

419.857 

0.003 

0.000009 

419.861 

0.001 

0.000001 

419.858 

0.002 

0.000004 

5)4.301 

=0.000027 

41;^.6oU2  = 

=mean 

'0 


/ii 


==0.6745X'^^^^^7 


20 
■0.00078 


The  probable  error  of  the  mean  is  0.00078  or  about 


540000 


The  probable  error  of  a  single  observation  is  ^  =  0.67  Ll^/.^^" , 

'^   n— 1 

or  in  this  case  0.6745 1/"^'^^^^^^  =0.00175  or  about- L_. 

y  4  240000 

To  determine  coefficient  of  precision.     The  probable  error  of  the 

total  observed  length  i2a=  rV^  (see  p.  45)  or  0.00175 =r's/]V 

=rA/44-  or  r =0.0008  +  .     Hence  the  probable  error  of  a  line 

say  930  ft.  measured  under  exactly  the  same  conditions  may 

be  expected  to  be  about  0.0008V^=  0.0024  ft. 
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CHAINING— PROBLEMS 

m 

Therr  are  certain  problems  which  occasionally  ariso  in  chaining;  but 
which  are  of  too  infrequent  occurrence  to  be  called  a  part  of  the  routine 
field  work.  These  problems  have  been  grouped  for  reference  in  this 
chapter.  Since  many  of  them  are  simply  geometrical  constructions,  it 
will  be  helpful  to  remember  that  in  working  them  out  in  the  field  the 
tape  or  chain  is  used  very  much  as  the  scale  and  compasses  are  used  in 
similar  constructions  in  the  drafting-room.  Indeed  many  of  the  problems 
can  be  worked  out  just  as  well  in  the  classroom,  but  each  student  should 
do  enough  of  them  in  the  field  to  gain  confidence  in  the  different  methods, 
and  in  his  ability  to  carry  them  out. 


84.  To  Con&truct  a  Right  Angle  with  a  Tape  by  the  3-4-5 
Method.  If  the  lengths  of  the  sides  of  a  triangle  are  in  the 
ratios  of  3:4:5,  one  angle  of  the  triangle  must  be  90®.  Hence 
to  construct  a  right  angle,  fonn  a  triangle  with  the  tape,  using, 
for  example,  any  one  of  the  following  combinations: 

[3-4-5],  [6-8-10],  [9-12-15],  [12-16-20],  [15-20-25],  [18-24-30], 

[*^1 -28-35],  and  so  on. 

(a)  Illustration.  In  Fig.  84  (a)  one  chainman  holds  the  0  and  the  48-ft. 
mark  of  a  50-ft.  cloth  tape  together,  a  second  man 
holds  the  tape  at  the  36-ft.  mark,  while  a  third  holds 
it  at  the  20-ft.  mark.  When,  stretched  the  tape  will 
form  a  right-angled  triangle.     (Why?) 


There  are  two  objections  to  the  above  method: 

(1)  three  chainmen  are  required,  and  (2)  if  a 

steel  tape  is   used  it   cannot   be  bent  sharply 

Fig.       (a).       enough  to   form   the  vertices  of   the  triangle. 

Another  method  of  forming  the  triangle  often  used  is  shown  m 

the  following  illustration: 

(6)  Illvstration  In  Fig.  84  (6)  it  \s  desired  to  construct  a  right  angle 
at  a  point  c  in  the  line  ab,  one  side  of  which  shall 
coincide  with  ac.  Establish  a  point  e  39  ft. 
from  c.  The  0  end  of  a  100-ft.  tape  is  held  at  e, 
the  100-ft.  end  at  c,  and  the  50-ft.  and  60-ft.  marks 
are  brought  together,  the  portion  of  the  tape  not 
used  forming  a  loop.  The  tape  stretched  tight* 
forma  a  right-angled  triangle  with  sides  30,  40, 
and  50  ft.  long.  By  fastening  the  ends  of  the  tape 
at  e  and  c  one  man  can  do  all  the  work. 

Question.  If  a  50-ft.  tape  is  used  and  the 
25-ft.  and  30-ft.  marks  are  brought  together, 
what  should  be  the  distance  from  c  to  «7 
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85.  Perpendiculars  and  Parallels.  The  methods  of 
establishing  perpendiculars  and  parallels  with  the  tape  are 
based  upon  familiar  geometrical  constructions.  It  is  to  be 
remembered,  however,  that  straight  lines  and  arcs  of  circles 
cannot  be  drawn  upon  the  ground  with  the  same  ease  that 
they  can  be  drawn  on  paper;  the  ground  is  often  so  rough 
or  sloping  that  they  cannot  be  drawn  at  all.  In  many  cases, 
therefore,  chainmen  must  exercise  ingenuity  in  applying  geo- 
metrical principles.  The  difference  between  methods  of  tha 
drafting-room  and  methods  of  field  work  in  making  the  same 
geometrical  construction  is  brought  out  in  the  following  illus- 
trations. It  is  important  not  only  to  know  geometrical  construe" 
tions,  but  also  to  know  how  the  tape  should  be  used  in  making 
them, 

(a)  To  erect  a  perpendicular  at  any  point  in  a  line.  The 
3-4-5  method  of  the  previous  article  may  be  used.  Two 
other  methods  arc  indicated  in  Figs.  85  (6)  and  85  (c). 

(6)  lUttBtration.     Geometrical  construction.     Required  to  erect  a  perpen* 
■dicular  at  b  to  the  line  ab.     From  any  point  c 
describe  an  arc  of  a  circle  of  radius  cb,  intersect- 
ing ab  at  e.     Find  d  in  Hue  with  ec. 

Field  work.  The  field  work  with  a  100-ft. 
tape  could  be  done  as  follows:  Establish  c  50  ft. 
from  b  by  holding  0  at  6.      Keeping  the  50-ft.  / 

mark  at  c,  find  e  Y^  swinging  the  0  end  of  the  tai)e  5' 

and  with  0  at  e,  50-ft.  mark  still  at  c,  stretch  / 

the  tape  until  the  100-ft.  mark  determines  d. 

(c)  Illtutration.  The  difference  between  using  •. 
the  compasses  and  the  tape  is  illustrated  in  Fig.  O 
85  (c).  With  the  compasses  everything  is  done 
with  intersecting  arcs  as  indicated  in  the  figure. 
With  the  tape  a  better  way  is  as  follows:  With 
the  25-ft.  mark  at  b,  establish  c  opposite  the  0  mark  and  d  opposite  the 
50-ft.  mark.  Keeping  0  at  c,  hoi  1  the  100-ft.  mark  at  d  and  stretch  the 
tape,  establishing  e  at  the  middle  of  the  tape  (50-ft.  mark).     Or  if  it  is 


Fig.  85  (6). 
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Fig.  85  (c). 


a  steel  tape,  bring  the  45-ft.  mark  and  55-ft.  mark  together  to  avoid  bend- 
ing, thus  establishing  a  point  on  the  perpendicular  45  ft.  from  both  c  and 
d.  If  a  check  is  desired,  find  another  point  on  the  opposite  side  of  the 
line  in  exactly  the  same  manner,  or  if  this  be  impossible,  another  point  on 
the  same  »i<le,  using  different  tlistances. 

(rf)  Remark.     In  each  of  the  above  illustrations  notice  that  one  pomt  of 
the  tape  was  fixed  during  the  entire  work  in  order  to  save  unnecessary 
Bettings  of  the  tape.      In  the  geometrical  constructiona  NvhvcVv  icAV^^  Vv.  v^ 
not  enough  aimply  to  recognize  the  method,  but  conavdw  caxelx^J^^  \iO^ 
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e»ch  one  could  be  carried  out  in  the  field,  setting  and  stretching  the  tape 
the  smallest  number  of  times. 

To  let  Jail  a  psrpsndiadar  to  a  given  line  from  any  given  point. 
(c)  In  Fig.  85  (e)  from  the  given  point  P  swing  an  arc  inter- 
secting the  given  line  in  two  points.    The  required  perpen- 
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Fig.  85  (e). 
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Fio.  85  (o). 


dicular  through  P  passes  half-way  between  the  two    points 
of  intersection. 

Question.     If  an  arc  could  not  be  drawn  on  the  ground,  how  would  the 
tape  be  used? 

(/)  In  Fig.  85  (/)  the  construction  is  that  of  Fig.  85  (b)  worked 
oackward.  Choose  any  convenient  point  on  the  line  as  K, 
find  the  point  c  half-way  between  P  and  K,  and  with  c  as  a 
center  and  cK  as  a  radius  cut  the  given  line  at  n,  the  foot  of 
the  required  perpendicular. 

(gr)  In  Fig.  85  (g)  a  perpendicular  is  first  erected  at  any  con- 
venient point  as  a,  and  a  line  through  P  constructed  parallel 
to  it.  See  Arts.  85  (h),  85  (i),  and  85  (j).  Or  any  two  points 
as  d  and  b  may  be  assumed  in  line  with  P,  and  c,  the  foot 
of  the  required  perpendicular,  found  from  similar  triangles 
daXdP 


dc  = 


ah 


A  second  method.  With  any  point  on  the  given  line  as  d 
swing  an  arc  through  P  intersecting  the  given  Une  at  e.     To  find 

Fe^ 
c.  since  dP=de^  then  ce=--r', 

2de 

Question.  How  could  the  methods  of  Fig.  85  (9)  be  best*  carried  out 
with  a  tape? 

Question.  What  methods  of  erecting  or  letting  fall  a  perpendicular  are 
best  adapted  when  the  perpendicular  is  near  or  at  the  ena  of  a  line  and  the 
line  itself  cannot  be  produced? 

To  run  a  line  through  a  given  point  parallel  to  a  given  line, 

(h)  In   Fig.  85  (h)  a  perpendicular  Pp  is  let  fall  from  the 

given  point  to  the  given  line,  and  at  some  other  point  in  the 

line  as  r  another  perpendicular  rs  of  equal  length  is  erected. 

(i)  In  Fig.  85  (t)  choose  any  convenient  point  on  the  given 
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line  as  c  and  find  o  half-way  between  P  and  c.     Assume  a 
point  6  and  make  ab  equal  ea. 

"^l  ^         e^-^^a  '-"^  "^^^^  ^ 

pi 15.        p..:::: 1:1^6  P\~"^      • 

\    / 

-        .  N  ' 

Fig.  85  (A).  Fia.  85  (i).  Fip.  85  (;). 

(j)  In  Fig.  85  (j)  assume  any  convenient  line  as  mn  tiirough 

P,  and  make  mo  equal  to  mn.     Find  x  when  mx=mP. 

Remark.  Other  methodH  will  suegest  themselves  to  the  student.  The 
method  of  Fig.  85  (i)  is  quick  and  accurate  and  easily  checked  by  the 
method  of  Fig.  85  (h\  A  check  on  the  method  of  Fig.  85  (h)  is  the  equal- 
ity of  the  diagonals. 

86.  Laying  off  or  Measuring  Angles. — Angles  may  be 
laid  off  by  means  of  a  steel  tape  with  considerable  accuracy, 
the  error  often  not  exceeding  5'.  The  trigonometrical  methocs 
of  the  chapter  on  Plotting  Angles ^  Part  II,  are  used.  Since  meas- 
urements are  in  feet  instead  of  in  jnches  and  since  the  tape  is 
used  instead  of  drawing-instruments,  the  operations  in  the  field 
are  somewhat  different  from  those  in  the  drawing-room,  as,  for 
example,  when  erecting  perpendiculars,  but  the  trigonometrical 
methods  are  of  course  the  same. 

(a)  Tangent  method.  (See  p.  458.)  The  base  by  which  tl.e 
tangent  of  the  angle  is  to  be  multiplied  may  be  any  convenieiit 
number  of  feet,  say  50'  or  100'.  Perpendiculars  are  erected 
by  one  of  the  methods  of  Art.  85. 

(6)  Chord  method.  (See  p.  459.)  The  unit  radius  may  be  any 
convenient  number  of  feet,  say  50'  or  100'.  As  circles  can- 
not often  be  drawn  on  the  ground,  many  of  the  practical  sug- 
gestions for  using  the  compasses  do  not  hold  good  for  the 
tape.  Use  the  tape  in  a  manner  similar  to  that  shown  in 
Fig.  86  (6),  one  portion  of  the  tape  stretched  to  form  the  choi  d 
of  known  length,  the  other  portion  form- 
ing the  required  side  of  the  angle. 

lUuHration.  To  lay  off  an  angle  of  47°  8' 
clockwise  from  AB,  u»ing  100-ft.  tape.  Chord 
for  unit  radius  is  0.7096.  For  50  ft.  it  is  39.98 
ft.  Find  c  50'  from  A  on  AB.  Holding  0  mark 
at  c  and  100  mark  at  A,  bring  50-ft.  mark  and 

39.98  together.     This  will  give  e,  a  point  on  the       /^ Tape" 

required  side. 

Remark.     The   chwd   method   is   usually  the  p        «/.  /.  \ 

most  satisfactory  one  to  use  in  the  field.  •  **    ^^' 

(c)  Sine-cosine  method.    For  any  unit  radius  Wi^  ««v^  ^w^ 
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cosine  distances  can  be  found  and  used  in  the  s:m)  way  that 

,B     the  two  distances  were  used  in  the  preceding 

example. 

Illustration.  To  lay  off  an  angle  of  47®  8'.  Sine 
=0.7329,  cosine  =  0.6803.  Find  c  50'  from  A  as 
before,  sin  X  50 -36.645,  cos  X  50 -34.015.  When 
the  tape  Ls  stretched  as  shown  in  the  fiKure  it  will 
form  a  right  angle  at  e,  a  point  on  the  required  side* 


34.015 
Tape  Loop 


Fig.  86  (c). 


(d)  Measuring  angles.  Angles  between 
two  given  lines  may  be  measured  with  the 
tape  by  reversing  the  methods  outlined  ir 
this  article. 

87.  Obstacles  to  Chaining  which  prevent  chainmen  from 
measuring  directly  between  two  points  give  rise  to  a  set  of 
problems  in  which  distances  are  found  by  indirect  measure- 
ments. In  this  article  these  problems  are  all  solved  by  geo- 
metrical methods.* 

Obstacles  to  chaining  are  of  two  kinds;  (1)  obstacles  to  measure- 
ment and  (2)  obstacles  to  alignment.  For  any  problem  likely 
t)  occur  in  practice  there  aTe  usually  several  geometrical  solu- 
tions;   it  will  suffice  to  give  two  for  each  problem.f 

(a)  To  measure  between  two  points  when  both  are  o*''-cesf*^'hle. 
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First  method.  Assume  C,  make  CB'  =  BC  and  CA'=AC* 
Chen  A'B'  =  .4B. 

Second  method.  Establish  F  at  any  point  equal  distances 
from  D  and  E.  !Make  FH=FG  any  convenient  distance. 
Then  DE  =  {HG  X  DV)  ^  HF.  (See  Fig.  87  (J>),  p.  G5,  for  a  third 
method.) 

(6)  To  measure  between  two  points  when  one  is  inaccessible. 


*  Many  of  the  same  problems  can  be  more  easily  solved  by  trigoromct- 
rical  methods,  provitlecl  a  transit  is  used.     (See  Chapter  XVIII.) 

t  The  student  with  a  ff(jod  knowledge  of  geometry  should  be  able  to  do- 
vise  other  methoils.  For  a  very  complete  collection  of  obstacle  problems 
and  aoiutiouB  see  Gillespie's  Surveying,  Vol.  I,  pages  76-99. 
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'9i  method.  Lay  off  AC  any  convenient  length  perpen- 
ir  to  the  required  distance  AB,  and  lay  off  DC  perpen. 
ir  to  BC,    Then  AB^AC^AD. 

xynd  method.  Assume  /  anywhere  in  line  with  the  required 
ice  FG,  Assume  H  anywhere.  Make  HJ=^HI  and  HK 
'.  Establish  L  in  the  line  FII  and  at  the  same  time  in 
ne  JK  produced.     Then  KL  =  FG, 

Other  methods.    Assuming  that  the  point  B  in  Fig.  87  (6) 
i  a  hxed  point  but  any  point  in  line  on  the  opposite  bank 


Kf ^ • 
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1/ 

Fia.  87  (6). 
3  river,  how  could  an  ecjuilateral  triangle  be  constructed 
ised  for  finding  the  distance  AB^      How  could  a  right 
;le  with  a  60®  angle  at  C  be  used  for  finding  the  same 
ice? 

To  measure  to  an  inaccessible  point  high  above  ground,  i.e., 
asure  the  height  of  an  object.  Set  a  transit-pole  in  the 
d  some  distanc  from  the  object  and  with  the  eye  some 
way  from  the  pole  sight  across  the  top  of  the  pole  to  the 
;ssible  point.  This  line  of  sight  is  the  hypothenuse  of  two 
r  triangles;  the  unknown  height  is  the  vertical  side  of 
•iangle,  and  the  transit-pole  the  vertical  side  of  the  other, 
wo  bases  of  the  triangles  can  be  measured  and  the  pro- 
•n  formed.  This  method  will  of  course  give  only  approxi- 
results. 

To  measure  between  two  points  when  both  are  inaccessible. 
H  method.  AB,  Fig.  87  (c),  is  the  required  distance,  A  and 
Qg  both  inaccessible.  *  Assume  any  line  CC  and  find  its 
3  p>oint  D.  Assume  E  in  AC,  and  F  in  BC.  Make  DE'  = 
^nd  DF'  =  DF.  Find  A'  at  the  intersection  of  AD  and 
and  find  F/  at  the  intersection  of  BD  and  F'C.  Thei< 
•  AB.     (Why?) 
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Second  method.    GH,  Fig.  87  (e),  is  the  required  distance,    j 
sume  /  anywhere.     Find  the  distances  GI  and  HI  by  eiti 
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Fig.  87  (e). 

method  of  Fig.  87  (6).     Assume  J  anywhere  in  GI,    Lay 
IK  =  {HI  X  J  I)  ^  GI,    Measure  JX.    Then  GH  =  (JX  X  GI)  ^ 

(J)  To  prolong  a  straight  line  throy{ih  an  obstacle. 

First  method.     Let  -4  J5  be  the  line  to  be  prolonged  in  Fig.  87 
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Fig.  87  (/). 


Construct  an  equilateral  triangle  ACT>  by  constructing  a  sma 
equilateral  triangle  at  each  apex  A^  C,  and  D,  This  is  anot 
method  also  of  measuring  between  two  points. 

Second  method.  EF  in  Fig.  87  (/)  is  to  be  prolonged.  Assi; 
G.  Make  GF'  =  FG,  GE'  =  EG,  GF"=GF',  E''F"=E 
GF'"  =  GF",  and  GE"'=GE'\  (l^his  method  is  a  doi 
application  of  that  shown  in  Fig.  87  (a).)  If  more  convenii 
instead  of  finding  F*'  assume  E^'  anywhere  in  line  with  F 
find  H  at  intersection  of  E"F  and  EG,  make  GH'=HG, 
find  £'"  at  intersection  of  £"(?  and  F^H\  A  second  p< 
could  be  determined  in  a  similar  manner. 


CHAPTER  Vin 

READING  ANGLES 

This  chapter  is  divided  into  two  part.«  to  correspond  to  two  distinct 
steps  in  reading  an  angle:  (1)  reading  the  limb,  and  (2)  reading  the  ver- 
nier.  In  the  first  part  are  shown  several  different  graduations  of  the 
limb,  and  in  the  second  part  several  forms  of  verniers.  To  study  all  these 
IT^uations  at  the  outset  is  likely  to  lead  to  confusion.  Begin  with  the 
Fimplest  forms,  as,  for  example,  a  limb  graduated  continuously  (page  70), 
and  a  vernier  .reading  to  minutes  (pagn  78). 

Observe  the  common  mistakes  as  illustrated  by  the  incorrect  reading 
in  the  book,  and  then  practice  with  a  transit  graduated  to  correspond. 
When  this  much  is  thoroughly  understood  it  is  an  easy  matter  to  proceed 
with  a  transit  more  finely  graduated. 


88.  The  Two  Horizontal  Plates.  One  of  the  horizontal 
plates  carries  the  graduated  circle,  the  other  plate  carries  the 
vernier.  The  uprights  (or  standards)  which  support  the  tele- 
scope are  attached  to  the  vernier  plate,  and  the  zero  of  the 
vernier  serves  as  an  indicator.  Hence  the  telescope  cannot 
be  revolved  right  or  left  without  taking  the  indicator  with  it, 
and  the  horizontal  angle  through  which  it  is  turned  is  meas- 
ured by  the  arc  on  the  graduated  limb  passed  over  by  the  indi- 
cator. If  the  indicator  is  opposite  the  zero  of  the  limb  when 
the  telescope  points  to  the  backsight,  and  stops  exactly  oppo- 
site a  graduation-mark  when  the  telescope  is  turned  to  the 
foresight,  the  angle  is  read  without  the  use  of  the  vernier;  when, 
EU3  is  more  often  the  case,  the  indicator  stops  between  gradua- 
tion-marks the  vernier  reading  tells  how  far  it  has  passed  beyond 
the  last  mark. 

89.  Limb  Graduations.  The  limb  of  the  transit  is  always 
divided  into  360®,  and  every  tenth  degree  is  usually  numbered, 
but  there  are  several  systems  of  numbering  and  several  methods 
>f  subdividing  each  degree. 

(a)  Common  systems  of  numbering  limb  graduations.  (1)  Full 
nrde,  0''  to  SeO**  (see  p.  70);    (2)  Half-circle,  0®  to  ISO®,  then 
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backward  to  0°  (p.  72);  "'(3)  Quadrant ,  two  zeroes  180**  apart, 
with  numbers  running  up  to  90°  both  ways  from  each  zero 
(p.  74). 

(6)  Common  methods  of  subdividing  each  degree.  (1)  Into  two 
parts,  or  30';  (2)  into  three  parts,  or  20';  (3)  into  four  parts, 
or  15';    (4)  into  six  parts,  or  10'. 

(c)  Remark.  On  most  transits  there  are  two  rows  of  numbers,  the  outer 
x-ow  often  corresponding  to  one  sjrstem,  the  inner  row  to  another.  Each 
system  has  its  advantages  and  is  adapted  to  some  particular  kind  of  work. 

On  an  ordinary  transit  each  degree  is  divided  into  two  or,  at  the  most, 
three  parts ;  it  is  only  on  instruments  intended  for  more  precise  work  that 
the  limb  is  divided  to  15'  or  10'. 

* 

90.  General  Method  of  Reading  Angles.  There  are  three 
distinct  steps:  (1)  Reading  the  limb;  (2)  Reading  the  vernier; 
(3)  Adding  the  two  readings. 

Remark.  The  majority  of  mistakes  made  in  reading  angles  are  made 
in  reading  the  limb,  and  not  in  reading  the  vernier.  Moreover,  a  mistake 
in  reading  the  limb  usually  amounts  to  at  least  20'  or  30'  and  often  to 
several  degrees,  tehile  a  mistake  in  reading  the  vernier  is  seldom  over  a 
minute  or  two.  Hence  the  working  rule  "Make  sure  of  the  limb  reading 
before  looking  at  the  vernier.**  In  learning  to  read  an^es  the  same  rule 
holds  good. 

91.  Reading  the  Limb,  (a)  No  matter  in  which  direction 
the  plate  carrying  the  indicator  revolves  there  are  always  two 
readings  for  an  angle:  one  is  the  value  of  the  angle  measured 
clockwise  from  the  backsight,  and  the  other  is  the  value  measured 
counter-clockwise  from,  the  same  backsight.  Each  value  is  the 
explement  of  the  other,  i.e.,  their  sum  is  360°.     See  p.  94. 

If  angles  were  always  measured  to  the  right  (clockwise),  the 
numbers  of  the  graduations  on  the  limb  would  always  increase 
clockwise,  and  a  common  source  of  mistakes  would  be  removed. 
In  some  kinds  of  work,  however,  as  in  deflection  angles,  p.  117, 
readings  are  taken  right  and  left  and  this  calls  for  numbers 
which  increase  counter-clockwise  as  well  as  clockwise.  These 
two  rows  of  numbers  must  not  be  used  indiscriminately — a 
constant  source  of  mistakes  with  beginners. 

(6)  Limb  readings  for  angles  to  the  right.  Consider  the  in- 
dicator to  have  moved  clockwise.  (It  is  immaterial  whether  it 
did  or  not.)  Observe  which  row  of  graduations  increases  cloch' 
vrise,  note  the  last  number  on  that  row  passed  by  the  indicator, 
and  from  this  number  determine  the  value  of  the  graduation* 
mark  opposite  the  indicator  or  just  behind  it.     (See  p.  70.) 

(c)  Lnmb  readings  for  angles  to  the  left.  Proceed  in  a  similat 
nanner,  but  consider  the  indicator  to  have  moved  counter- 
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dcckwise,  and  use  the  row  in  which  the  numbers  increase  coun- 
ter-clockwise.    (See  p.  70.) 

(d)  Remark.  For  angles  clockwise  numbers  increase  clockwise,  and  for 
angles  counter-clockwise  niunbers  increase  counter-clocklirise.  If  one  could 
stand  inside  the  graduated  circle,  numbers  for  angles  to  the  right  would 
increase  towards  his  right  hand,  and  for  angles  to  the  left  they  would  in- 
crease towards  his  left.  Since,  however,  the  observer  stands  ouUide  of  the 
circle ,  the  numbers  for  angles  to  the  right  increase  towards  his  left  hand, 
and  vice  versa.  This  leads  to  confusion  which  would  be  avotcjea  if  the 
terms  clockwise  and  counter-clockwise  were  always  used  in  place  of  right 
and  left  respectively. 

92.  Common  Mistakes  in  Reading  the  Limb.  (1)  Reading 
the  number  ahead  of  the  indicator  instead  of  behind  it.  (2) 
Reading  the  inner  circle  of  numbers  instead  of  the  outer  circle, 
or  vice  versa.  (3)  Reading  even  degrees  instead  of  degrees 
and  fractions  of  a  degree,  as,  for  example,  43°  0'  instead  of 
43°  30',  or  11°  0'  instead  of  11°  20'. 

93.  Method  of  Reading  the  Limb  Illustrated.  On  th^  suc- 
ceeding pages  are  shown  three  different  systems  of  number- 
ing the  graduations  on  the  limb.  The  full  circle  as  shown  is 
about  half  the  true  size.  Below  the  circle  is  a  portion  of  the 
limb  greatly  enlarged.  The  vernier  is  purposely  omitted,  but 
the  indicators  represent  four  different  positions  of  the  zero  of 
the  vernier.  The  readings  noted  below  the  arc  are  for  angles 
taken  to  the  right  as  indicated  by  the  arrow,  while  those  above 
the  arc  are  for  angles  to  the  left.  The  first  two  common  mis- 
takes noted  in  the  preceding  article  are  illustrated  by  the  in- 
correct readings  in  parenthesis.  The  third  mistake  will  be 
illustrated  in  the  explanation  of  vernier  readings  (pp.  76-82), 
since  it  is  most  often  made  when  adding  the  limb  reading  and 
the  vernier  reading  together. 

Suggestions  In  studying  the  illustrations  keep  in  mind  the  fact  that  the 
limb  of  a  transit  remains  stationary  during  the  interval  between  the  back- 
sight and  foresight  while  the  indicator  moves  over  an  arc  equal  to  the  angle 
measured.  Understand  clearly  the  difference  between  measuring  an  angle 
to  the  right  (clockwise)  and  to  the  left  (counter-clockwige).  The  following 
method  of  studying  the  illustrations  is  suggested : 

(1)  Choose  one  of  the  four  indicators,  assume  the  angle  to  have  been 
measured  clockwise,  and  cover  with  a  card  the  readings  below  the  arc. 

(2)  I^Totice  which  circle  of  numbers  is  increasing  clockwise,  find  the  num- 
ber just  behind  the  indicator,  count  up  the  intervening  spaces,  and  read 
the  angle. 

(3)  Remove  the  card  and  see  if  the  reading  agrees  with  that  given  -on 
the  figure.  Observe  also  the  mistaken  reading  in  parenthesis,  and  con- 
sider from  what  cause  the  mistake  might  be  made. 

(4")  Repeat  the  three  steps  given  above  for  each  of  the  other  three  indi- 
cators; also,  for  all  four  indicators  assuming  that  angles  were  measurec. 
oounter-clockwise. 
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94.  Full-circle  System  from  0""  to  360"*  in  Both  Directions. 

(a)  This  is  one  of  the  best  systems  of  numbers  for  all-around 
work.  Angles  may  be  measured  in  either  direction,  to  the  right 
or  to  the  left,  without  confusion,  provided  simple  precautions 
are  taken.  Thus  for  angles  to  the  right  always  read  the  outside 
row  if  that  is  the  row  in  which  numbers  increase  clockwisBy 
while  for  angles  to  the  left  read  the  inside  row.  When,  cls  is 
often  the  case,  all  angles  are  taken  to  the  rights  ignore  the  inside 
row:  make  H  a  point  not  to  use  it  at  all.  In  some  makes  of 
instruments  the  numbers  slant  in  the  direction  in  which  they 
should  be  read.     (See  full  circle,  opposite  page.) 

Q))  The  portion  of  the  limb  shown  enlarged  is  where  the  two 
circles  have  the  number  180®  in  conunon,  and  this  is  where 
the  mistake  of  reading  the  wrong  circle  of  numbers  is  most 
likely  to  occur.  Where  the  numbers  are  widely  different  it  is 
usually  sheer  carelessness  to  read  one  for  the  other.  If,  for 
example,  an  angle  of  100°  is  taken  to  the  right,  the  indicator 
will  stop  opposite  100®  and  260®,  but  an  alert  transitman  would 
see  that  the  angle  could  not  be  over  180®  (the  backsight  pro- 
duced), and  hence  would  not  read  260®  in  place  of  100®.  This 
illustrates,  incidentally,  the  value  of  habitually  checking  readings 
by  estimating  angles  with  the  eye. 

(c)  When  the  indicator  stops  just  before  it  reaches  a  number 
it  is  a  natural  mistake  to  read  as  if  it  had  gone  by  the  number. 
This  mistake  is  illustrated  by  the  two  incorrect  readings  of 
171®  30'  and  195®  30'  for  angles  to  the  right,  and  by  all  of  the 
incorrect  readings  to  the  left  except  171®  30'  in  place  of  191® 
30'.     (What  mistake  does  this  illustrate?) 

(jd)  Notice  that  the  sum  of  the  outer  number  and  the  inner 
number  at  any  point  is  always  360®.  Hence  when  there  is 
only  one  circle  of  numbers  (0®  to  360®  clockwise)  and  it  is 
desired  to  read  an  angle  to  the  left,  consider  the  indicator  to 
have  moved  to  the  left  (counter-clockwise),  but  subtract  the 
nearest  number  behind  the  indicator  from  360®,  and  proceed 
as  if  the  number  were  actually  engraved  upon  the  limb,  as  in 
fact  it  is  when  there  are  two  circles.  As  the  subtraction  in«- 
volves  only  even  degrees,  this  method  is  better  than  ta  read  to 
the  right  and  subtract  from  360®,  for  the  latter  subtraction 
involves  minutes  as  well  as  degrees.  Mountain  transits  and  other 
transits  intended  for  measuring  angles  to  the  right  only  and  hence 
having  but  one  circle  of  numbers,  may  be  used  for  measuring 
angles  to  the  left  by  simply  imagining  the  explementary  num- 
ber  engraved  on  the  limb  as  just  suggested.     (See  Art.  Q5  CAA 
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95.  Combination  of  Full-circle  and  Half-circle  Systems. 

(a)  In  the  figure  on  the  opposite  page  the  outside  circle  of 
numbers  is  a  full-circle  system,  increasing  clockwise  exactly 
like  the  outside  circle  in  the  preceding  illustration.  No  fur- 
ther explanation  of  its  use,  therefore,  is  needed. 

The  inner  circle  is  a  half-circle  system  and  is  used  for  measuf- 
ing  angles  which  do  not  exceed  180°,  as,  for  example,  deflection 
angles  (p.  117).  Thus,  if  the  indicator  is  at  F  in  the  inndr 
cirde,  the  deflection  angle  is  60°  to  the  right,  but  if  it  is  at  J(, 
the  deflection  angle  is  80°  to  the  left. 

(b)  The  portion  of  the  limb  shown  enlarged  is  near  the  230° 
mark  of  the  outer  circle,  but  the  outer  numbers  have  pur- 
posely been  omitted.  The  angles  to  the  left  are  read  in  the 
usual  manner.  The  mistaken  readings  for  angles  to  the  left 
all  come  from  reading  the  number  in  front  of  the  indicator 
instead  of  the  number  behind  it.  There  is,  of  course,  the  sarnie 
danger  of  reading  the  wrong  row  of  numbers  as  in  the  pre- 
ceding illustration. 

(c)  Notice  that  the  sum  of  the  corresponding  numbers  in  the 
outer  and  inner  rows  is  always  360°  after  passing  the  180°  mark 
of  the  outer  circle.  On  some  instruments,  intended  only  for 
measuring  deflection  angles,  the  full-circle  system  is  omitted. 
Suppose  that  it  is  desired  to  measure  angles  to  the  right  over 
180°  on  such  an  instrument.  After  the  indicator  passes  180° 
the  numbers  run  backward  or  in  the  wrong  direction  for  angles 
tD  the  right.  Subtract  the  number  behind  the  indicator  from 
300°,  and  proceed  as  if  the  result  were  engraved  on  the  limb 
as  explained  in  the  preceding  article. 

(d)  Illustration.  On  the  enlarged  arc  it  is  observed  that  the  numbers 
are  increasing  in  the  wrong  direction  for  angles  to  the  right.  If  the  indi- 
cator is  between  120°  and  130",  the  number  behind  it,  for  angles  to  tUe 
right,  is  130".  Hence  3G0  - 130  =230°,  and  proceeding  as  if  230°  were  en- 
graved opposite  130,  as  it  really  is  when  there  are  two  rows  of  nmnbers  (a^e 
complete  circle),  the  final  reading  is  237°  30'  +  .  Likewise,  if  the  indicator 
is  between  140°  and  150°,  the  number  behind  it  (outside  the  limits  of  the 
drawin?)  is  150,  and  hence  360  —  150  =210°,  from  which  8°  more  is  counted 
clockwise,  making  the  final  reading  218°  +  .  The  other  readings,  224° -4- 
an:l  2t0°  30',  are  obtained  in  a  similar  manner. 

(e)  Remark.  In  taking  deflection  angles  it  is  desirable  to  keep  the  zero 
of  the  limb  nearly  under  the  eyepiece  of  the  telescope  to  save  walking 
around  the  instrument  when  reading  angles.  If  the  half-circle  system  Is 
used,  it  will  be  necessary,  after  setting  the  indicator  at  zero,  to  plunge  the 
telescope  before  hackuighting.  In  order  to  avoid  this  the  mtadrant  svstem 
of  numbering  is  often  preferable,  especially  in  railway  work,  where  deflec- 
tion angles  are  seldom  more  than  90^.  'This  system  is  illustrated  on  the 
next  pace. 
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96.  Combination  of  Full-circle  and  Quadrant  Systems. 

(a)  There  are  two  zero  points  in  the  quadrant  system  (see  inner 
circle),  and  there  should  be  two  verniers  to  correspond,  the  A 
vernier,  nearly  under  the  eye-end  of  the  telescope,  and  the  B 
vernier,  across  the  circle  180®  from  A.  Observe  the  following 
rules:  1.  Always  set  the  A  vernier  at  the  360^  mark  or  zero  of  the 
full-circle  system;  (2)  For  all  angles  except  deflection  angles  ignore 
the  quadrant  numbering  and  invariably  use  the  full  circle  exactly 
as  explained  on  p.  71;  (3)  For  deflection  angles  use  the  inner 
row  jv^t  as  it  stands  for  angles,  right  or  left,  up  to  90°.  For  angles 
over  90®  subtract  the  number  on  the  inner  row  from  180°,  and 
proceed  as  if  the  result  were  engraved  on  the  limb  in  place 
of  the  number  subtracted.     (See  similar  case,  preceding  article.) 

(&)  Caution,  A  common  mistake  is  to  set  the  A  vernier  at  one  of  the 
aeroes  of  the  quadrant  sjrstem  but  onposite  the  180^  mark  of  the  full  circle, 
and  then  to  read  from  the  full  circle  as  if  the  A  vernier  had  been  set  at 
the  360°  mark.  This  mistake  of  180°  may  be  avoided  by  invariably  using 
the  full  circle  in  setting  the  A  vernier,  even  in  deflection  angles. 

ic)  Deflection  angles.  When  using  the  quadrant  system  it 
is  not  necessary  to  plunge  the  telescope  before  backsighting. 
This  is  its  chief  advantage  over  the  half -circle  system.  In  set- 
ting the  A  vernier  at  360°  the  B  vernier  is  necessarily  brought 
opposite  one  of  the  zeroes  of  the  quadrant  system,  and  after 
the  telescope  is  plunged  for  foresighting  the  B  vernier  will  be 
the  one  under  the  eyepiece.  Hence  the  angle  is  read  from 
the  B  vernier  to  save  walking  around  the  instrument. 

(d)  lUvMtration.  If  the  indicator  of  the  A  vernier  is  set  at  A  (see  oppo« 
site  page),  the  B  vernier  will  be  at  B.  After  plunging  for  the  foresight  the 
B  vernier  will  be  under  the  eye-end  of  the  telescope,  and  if  it  goes  to  B\, 
the  deflection  angle  is  between  60°  and  70°  to  the  right;  if  it  goes  to  B^, 
the  deflection  angle  is  between  40°  and  50°  to  the  left.  The  same  results 
could  be  obtained  by  reading  the  A  vernier  in  the  positions  Ay  and  A2 
respectively,  but  it  would  be  necessary  to  walk  around  the  instrument. 

The  portion  of  the  limb  shown  enlarged  is  one  of  the  two 
places  where  mistakes  are  most  likely  to  occur;  the  other  place 
is  across  the  circle  near  the  270°  mark.  Notice  that  the  smallest 
division  on  the  limb  is  20' — a  division  which  may  be  used  as 
well  with  any  of  the  other  systems  of  numbers.  It  is  perhapis 
more  usual  to  use  a  half-degree  division  with  the  quadrant 
system,  but  the  one-third  degree  division  is  shown  here  for 
practice  in  reading.  The  readings  given  below  the  arc  are  for 
direct  angles  taken  clockwise,  and  were  obtained  from  the  outer 
row  of  numbers;  readings  above  the  arc  are  for  deflection  angles 
and  were  obtained  from  the  inner  row. 
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97.  Verniers,  (a)  It  is  easier  to  read  a  .vernier  correctly, 
once  the  least  count  has  been  ascertained,  than  it  is  to  read 
the  limb,  and  mistakes  are  less  costly  (p.  68).  Genei^y  it  a 
vernier  is  divided  ioto  ten  equal  spaces  between  numbers  as 
shown  on  p.  78,  it  reads  to  minutes,  i.e.,  each  spaca  is  caUtd 
a  minute  though  it  really  covers  nearly  a  degree.  If  the  equal 
spaces  are  again  subdivided  into  two  parts,  each  part  is  eaUed 
30"  (p.  80);  if  subdivided  into  three  parts,  each  of  the  smallest 
parts  is  called  20"  (p.  SI);  if  into  six  parts,  each  part  is  caOed 
10"  (p.  82). 

(ft)  Setnark.  It  heliw,  in  reading  (he  vsmier.  (o  tbink  of  the  lirser 
divisiong  as  minuUs.  and  the  emaUEr  subdivisions,  if  there  ore  any,  u 
30"  or  20"  or  10",  as  the  tase  may  be.     It  is  well  to  remember,  however, 

indiclt^d  by^H?  we  cauTt. 

(c)  The  leaat  count  as  determined  by  inspection  should  be 
verified  when  using  any  vernier  for  the  first  time.  From  the 
principle  of  the  vernier  the  leant  count,  i.e.,  the  difference  be- 
tween I,  the  smallest  division  on  the  limh,  and  v,  the  smallest 
division  on  the  vernier,  is  t^l~V'=—-r,  where  n  represents 
the  number  of  spaces  on  the  limb  corresponding  to  n  + 1  spaces 
on  the  vernier,  or  ni=  (n  +  l)v,  from  which  equation  the  value 
of  x  is  derived.  For  verniers  as  usually  constructed  the  folbw- 
ing  rule  will  also  apply: 

Divide  the  value  of  the  smaliest  division  on  (Ae  limb  by  the 
number  of  parts  on  tke  vernier. 

98.  To  Read  a  Vernier.  Keeping  in  mind  the  value  of  the 
smallest  division  on  the  vernier  it  is  an  easy  matter  to  get  the 
vernier  reading.  If  the  zero  or  indicator  exactly  coincides 
with  a  mark  on  the  limb,  the  angle  is  read  without  using  the 
vernier  (p.  67);  otherwise  find  some  mark  on  the  vernier  which 
is  exactly  opposite  some  mark  on  the  limb.  It  is  immaterial 
what  the  mark  on  the  limb  is,— the  mark  on  the  vernier  de- 
termines the  remter  reading.  The  limb  reading  to  which  the 
vernier  reading  must  be  added  is  determined  s 
explained  in  the  first  part  of  the  chapter. 

99.  Suggestions   for    Read        Vijrnicrs.     (1)  Dotihl*'^ 
niers  like  those  shown  on       ;ceei  ugcs  would  be  U 
if  angles  were  aWi^s  tal 
a  doubU  vernier  loA^ 
tion  in  which      ) 
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the  limb  (p.  68).     (2)  When  reading  the  limb  estimate  at  a 
glance  the  approximate  vernier  reading.     This  not  only  saves 
time  by  indicating  where  to  look  on  the  vernier  for  the  line  of 
coincidence,  but  it  often  saves  blunders  such  as  reading  the 
wrong  side  of  a  double  vernier.     (3)  Form  the  habit  of  looking 
at  one  or  two  marks  each  side  of  the  vernier  mark  which  you 
think  is  in  coincidence.    If  three  marks  coincide,  take  the  mid- 
dle one;   if  two  marks  coincide,  take  the  average  reading.    In 
the  latter  case  the  reading  will  be  closer  than  the  least  count 
of  the  vernier.     For  example,  the  reading  will  be  to  30"  on  a 
vernier  which  only  reads  to  minutes.     (See  p.  78.)     This  means 
I'lat  the  error  involved  in  reading  any  vernier  is  not  greater  than  half 
the  least  count  of  that  vernier.     (4)  In  setting  the  vernier  at  zero 
or  at  any  angle,  examine  in  the  same  way  one  or  two  marks 
each  side  of  the  indicator.     (5)  When  there  are  two  verniers 
180°  apart  use  the  one  under  the  eye-end  of  the  telescope.    Avoid 
setting  one  at  zero  and  reading  the  other,  except  in  special  cases 
like  that  explained  on  p.  75.     (6)  Use  a  reading-glass  (p.  98). 
(7)  Practical  suggestions  for  measuring  angles  are  given  in  Chap- 
ter IX. 

100.  Common  Mistakes  in  Reading  Verniers.  (1)  Mis- 
takes due  to  reading  the  wrong  half  of  a  double  vernier.  (2) 
Arithmetical  mistakes  in  adding  the  vernier  reading  to  the 
limb  reading,  or,  what  is  still  more  common,  dropping  the 
minutes  from  the  original  limb  reading,  as  68°  16'  instead  of 
68°  46'  (p.  78).  Do  not  be  so  intent  on  reading  the  vernier  as 
to  lose  track  of  the  correct  limb  reading.  Remember  that  the 
latter  is  by  far  the  more  important.  (3)  In  verniers  reading  to 
seconds  the  mistake  is  sometimes  made  of  calling,  seconds  min- 
utes, as  151°  40'  instead  of  151°  0'  40"  (p.  81).  This  is  most 
likely  to  happen  when  the  vernier  reading  is  less  than  a  minute. 

101.  Illustrations  of  Verniers.  In  studying  the  following 
illustrations  of  different  verniers  keep  in  mind:  (1)  That  the 
vernier  and  limb  are  enlarged  to  a  little  more  than  twice  the 
usual  size;  (2)  The  lowest  line  of  each  illusti^tion  shows  how 
the  least  count  is  obtained  from  the  formula  on  p.  76,  Art.  97  (c); 
(3)  The  whole  process  of  reading  the  angle  is  indicated:  first 
the  limb  reading,  then  the  plus  sign,  then  the  vernier  reading, 
and  finally  the  total  reading.  The  mistaken  readings  in 
parentheses  are  wholly  mistakes  in  vernier  readings  or  in  drop- 
ping minutes  from  the  original  limb  readings. 
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Vernier  reads  to  minutes     li^oj.a'xrl' , 
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Vernier  same  as  in  I 


Fig.  102. 

102.  Land  IL  Verniers  Reading  to  Minutes,  (a)  This  is 
one  of  the  forms  of  verniers  most  used  in  ordinary  work.  The 
mistake  of  291°  16'  instead  of  291°  14'  came  from  reading  the 
wrong  half  of  the  double  vernier.  In  the  mistake  of  68°  16'  in- 
stead of  68°  46'  the  30'  of  the  original  limb  reading  was  forgotten 
when  it  came  to  adding  the  readings.  The  mistake  of  177° 
19'  30"  instead  of  177°  49'  30"  came  in  a  similar  manner  from 
dropping  the  minutes  from  the  original  limb  reading. 

(6)  In  II  two  marks  on  the  vernier  apparently  coincide  with 
two  on  the  limb,  and  hence  the  mean  of  the  two  readings  is 
correct.  This  illustrates  how  30"  may  appear  in  a  reading 
though  the  smallest  space  on  the  vernier  is  called  a  minute. 
In  a  great  deal  of  work  it  is  not  worth  while  to  take  9,ccount 
of  seconds  in  a  case  like  this. — ^simply  read  to  either  whole  minute. 
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Vernier  reads  to  minutes 
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Fig.  103. 
103.   II.  and  IV.    Verniers  Reading  to  Minutes,      (a)  The 

chief  advantage  of  the  form  of  vernier  in  III  as  compared 
with  that  in  the  preceding  illustration  is  that  it  is  shorter,  and 
may  therefore  be  used  in  a  small  space,  as,  for  example,  when 
set  between  the  standards  to  go  with  the  vertical  circle. 

(6)  In  Illustration  IV  the  vernier  is  constructed  like  that  on 
p.  80  except  that  every  alternate  mark  on  the  vernier  is  omitted. 
Each  division  on  the  vernier  is  called  one  minute,  but  it  is  really 
SO'  long  or  1'  short  of  two  spaces  on  the  limb.  The  advantage 
of  this  construction  is  that  the  division-marks  on  the  vernier 
itself  are  farther  apart  than  those  in  I,  II,  and  III,  and  hence  are 
easier  to  read.  Though  this  is  an  excellent  form  of  vernier  it  is 
not  as  conunon  a  one  as  that  on  p.  78. 

The  mistaken  readings  in  both  III  and  IV  are  due  to  dropping 
the  minutes  from  the  original  limb  reading. 
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Vernier  reads   fv  30  seconds 
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Vernier  reads  to  30  seconds 
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Vernier  same  as  in  T 


Fio.  104. 
104.  V.  and  VI.     Verniers  Reading  to  30  Seconds.     The 

limb  is  graduated  exactly  like  the  limb  in  III  and  IV,  but  the 
vernier  is  more  finely  graduated^  each  of  the  small  divisions 
being  called  30". 

Both  of  the  mistakes  in  V  are  due  to  dropping  20'  from  the 
original  limb  reading.  Notice  also  in  the  reading  210°  12'  20" 
the  mistake  of  calling  the  smallest  division  on  the  vernier  20" 
instead  of  30".  This  is  a  natural  mistake,  since  the  smallest 
division  on  the  limb  is  20'.  The  mistake  of  249®  39'  30"  was 
also  due  to  dropping  20'  because  of  the  impression  that  the 
limb  reading  was  249°  20'  instead  of  249°  40'. 

The  mistake  of  110°  30'  instead  of  110°  0'  30"  came  from 
adding  the  vernier  reading  as  if  it  were  30'  instead  of  30". 


The  fact  ihi«t  20"  rnd  20',  the  nrelleft  diviBions  on'  the  yeraier  and  the 
limb  respectively,  are  unequal  niver-ically  leads  to  confusion  as  indicated 
mbove,  and  makes  this  iona  much  less  desinihle  than  that  on  p.  81. 
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PiQ.  105. 

105«  VII.  and  VIII.     Verniers  Reading  to  20  Seconds. 

This  fonn  of  vernier,  in  which  the  smallest  space  is  called  20",  is 
used  for  city  work,  simple  triangulation,  and  other  woric  of  high 
accuracy. 

The  mistake  of  229®  53'  instead  of  229°  52'  20"  came  from 
observing  the  12'  mark  on  the  vernier  and  then  counting  the 
next  space  as  if  it  were  a  whole  minute  instead  of  20",  thus 
getting  13'  to  add  to  the  limb  reading  instead  of  12'  20". 

The  mistake  of  151°  40'  instead  of  151°  0'  40"  came  from 
calling  the  vernier  reading  40'  instead  of  40".  This  would 
probably  not  have  occurred  had  the  vernier  reading  been  a  full 
minute  or  more. 

Question.  Keeping  the  graduations  on  the  limb  the  same,  how 
could  the  vernier  be  changed  so  that  its  least  covitit  "JNowViV*^  \^' '  *l 
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y^emier  reacts  to  10  second^ 
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Vernier  same  as  in  22C 


Fig.  106. 

106.  IX.  and  X.  Verniers  Reading  to  10  Seconds.  This 
fonn  of  vernier,  in  which  the  smallest  space  is  called  10",  is 
for  extremely  accurate  work,  and  is  seldom  found  except  on 
sextants  and  on  high-grade  instruments.  On  a  vernier  like 
this,  several  marks  may  appear  to  coincide  with  marks  on  the 
limb.     Take  the  middle  one. 

The  mistake  of  135°  5'  10"  instead  of  135°  15'  10"  came  from 
dropping  the  IC  from  the  original  limb  reading. 

The  mistake  of  139°  40'  instead  of  139°  0'  40"  came  from 
calling  the  vernier  reading  40'  instead  of  40" — a  mistake  most 
hkely  to  occur  when  the  vernier  reading  is  less  than  one  minute. 

Question.  What  is  the  maximum  error  involved  in  a  reading 
when  a  vernier  like  that  in  IX  and  X  is  used,  assuming  that  no 
actual  mistake  is  made?     (See  p.  77.) 
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107,  Special  Forms  of  Verniers.  Special  forms  of  verniers 
may  be  devised  at  will,  as,  for  example,  verniers  reading  to  a 
decimal  of  a  degree  (convenient  for  railway  curves). 

(a)  A  vernier  sometimes  used  on  the  sextant  has  60  spaces 
corresponding  to  119  on  the  graduated  arc.  This  makes  each 
space  on  the  vernier  a  little  less  than  two  spaces  on  the  arc. 
It  is  used  as  a  direct  vernier.  (If  the  smallest  division  on  the 
graduated  arc  is  20',  prove  that  the  vernier  reads  to  20".) 

(&)  Retrograde  verniers  are  seldom  used  on  transits.*  A 
special  form  of  retrograde  vernier  is  used  when  it  is  desired  to 
economize  space,  as,  for  example,  in  the  compass-box  for  setting 
off  the  declination. t  Thirty  spaces  on  the  vernier  correspond  to 
31  on  the  limb,  the  vernier  reading  to  minutes.  There  are 
two  rows  of  numerab  on  the  vernier  arranged  as  follows: 


20 

25 

30 

25 

20 

10 

5 

0 

5 

10 

15        10         5  0  5         10        15 

The  usual  rules  for  reading  do  not  hold  good.  Thus,  if  the 
indicator  is  to  the  right  of  the  zero,  read  the  lower  figures  on  the 
left-h&nd  vernier,  unless  the  reading  is  over  15',  and  then  the 
upper  figures  on  the  right-hand  vernier  are  used.  If  the  indica- 
tor is  to  the  left  of  the  zero,  read  lower  right-hand  figures  for  less 
than  15',  upper  left-hand  for  more  than  15'.  (See  from  the 
figure  that  this  must  be  so.)  Note  that  this  vernier  is  only 
half  as  long  as  the  ordinary  double  vernier,  and  that  the  lower 
left-hand  and  the  upper  right-hand  verniers  form  one  vernier 
and  Trice  versa. "f 

108.  Summary.     For  a  summary  of  this  chapter  see  Arts. 
131,  132,  pp.  96-97. 


*  Verniers  in  which  the  smallest  space  is  larger  than  the  corresponding 
smallest  space  on  the  limb. 

t  A  similar  "folded"  vernier  is  often  used  for  setting  declinations  which 
is  direct  instead  of  retrograde,  30  spaces  on  the  vernier  corresponding  to 
29  half-degrees  on  the  limb. 


CHAPTER  IX 
USE  OF  THE  TRANSIT 

Tub  only  way  to  learn  to  use  the  transit  is  to  practice  with  it  in  the 
field,  but  many  su^estions  and  directions  may  be  given  which  will  help 
to  make  that  practice  intelligent  and  effective.  After  a  preliminary  read- 
ing, this  chapter  will  best  serve  its  purpose  if  the  dii/erent  articles  are 
consulted  at  the  time  that  corresponding  work  with  the  transit  is  being  dene 
in  the  fielci.  Study,  first,  methods  of  work,  and  then  consult  the  chapter 
frequently,  thus  gradually  acquiring  habiis  of  work.  It  may  be  aclded 
that  directions  often  seem  trivial  to  the  beginner  which  are  nevertheless 
well  worth  following  when  learning  to  use  such  an  important  instrument 
as  the  transit. 

The  chapter  on  The  Transit,  Part  III,  shows  how  the  instrument  \&  con- 
structed, and  explains  the  workings  of  its  most  important  parts.  The  care 
and  adjustment  of  the  transit  is  also  treated  in  Part  III. 


109.  Caution.  First  of  all,  treat  the  transit  kindly.  He- 
member,  many  of  the  parts  are  of  soft  metal.  Never  force  a 
screw — all  screws  should  work  easily;  if  they  do'  not,  there  is 
some  trouble  which  brute  force  will  not  help.  The  diameter 
of  the  head  of  a  thumb-screw  often  gives  a  leverage  out  of  all 
proportion  to  the  strength  of  the  screw,  and  it  is  comparatively 
easy  to  strip  the  thread.  Beginners  too  often  feel  that  clamps 
should  be  set  as  tight  as  possible,  with  the  result  that  each  time 
they  have  to  be  set  a  little  tighter  and  soon  become  useless. 
The  condition  of  the  clamps  on  comparatively  new  school  in- 
struments should  be  a  lasting  object  lesson.  If  the  object-glass 
slide  in  the  telescope  moves  hard,  probably  dust  or  grit  is  in- 
side, and  it  will  not  take  a  very  strong  man  eithei  to  destroy 
the  rack  and  pinion,  or  to  cut  deep  scratches  and  grooves  along 
the  surface  of  the  slide.  Rubbing  dust  from  the  object-glass 
with  the  handkerchief  may  get  the  dust  off,  but  it  often  leaves 
scratches  on.     Blow  it  off  or  brush  gently. 

Do  not  let  a  transit  stand  with  the  tripod  legs  so  close  together 
that  it  is  easily  upset;  on  the  other  hand,  if  the  legs  are  too  far 
apart  they  may  open  out  and  let  the  transit  down;    this  is 
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specially  likely  to  happen  on  a  smooth  floor.    Be  sure  that  the 
lead  of  the  transit  is  firmly  screwed  on  its  tripod. 

Before  taking  the  transit  up  to  carry  it  from  one  place  to  an- 
►ther  do  three  things:  (1)  Loosen  the  lower  clamp  so  thai 
)oth  plates  will  turn  freely  if  accidentally  hit;  (2)  Point  the 
^lescope  straight  up,  leaving  it  free  to  turn  on  its  supporting 
kxis  at  Hhe  slightest  knock;  (3)  See  that  the  needle  is  hfted  so 
hat  the  delicate  point  of  its  pivot  will  not  be  injured.  As  a 
urther  precaution  do  not  carry  the  transit  on  the  shoulder 
vhen  going  through  a  doorway  or  through  any  other  place 
vhere  it  is  likely  to  get  bumped.     Carry  it  under  the  arm. 

1 10.  Plumb-bob.  Do  not  begin  the  day's  work  by  leaving 
he  plumb-bob  behind.  The  string  to  the  bob  is  looped  over  a 
look  under  the  center  of  the  transit,  and  has  a  sliding  knot  by 
vhich  to  adjust  its  length.  The  figure  shows  the  shding  knot 
)efore  it  is  drawn  tight.  But  instead  of  putting 
he  end  of  the  string  through  the  loop  as  shown  /{Jv^°*^^ 
n  the  figure,  double  it  back  upon  itself  so  that 
he  knot  may  be  untied  at  any  time  by  simply  (jrff\  siidin 
)ulling  the  free  end,  as  in  the  case  of  a  bow-knot. 
Vvoid  any  other  knot  in  the  string,  even  one  at 
he  end. 

Another  device  is  to  fasten  one  end  of  the  string 
o  a  piece  of  wood  containing  two  holes,  while  the 
ither  end  of  the  loop  passes  through  the  holes 
ind  down  to  the  plumb-bob.  Friction  and  the  JI  ^ 
rook  in  the  string  hold  the  device  in  any  jwsition 
A  it  slides  up  or  down  the  plumb-line.  Bone  or  leather  may  be 
ised  in  place  of  the  wood.*  If  the  wind  is  blowing,  shield  the 
K)b  with  something  (a  hat  will  do)  to  keep  it  from  swinging. 

111.  Using  the  Telescope.  (See  also  the  chapter  in  Part  III 
in  The  Telescope),  Point  the  telescope  toward  the  sky  and 
Qove  the  eyepiece  in  or  out  until  the  cross-hairs  arc  clearly 
isible.  On  some  instruments  the  eyepiece  is  moved  "by  screw- 
tig  or  twisting  it,  while  in  others  a  focusing-screw  with  rack 
.nd  pinion  is  used.  Once  the  eyepiece  is  adjusted  to  the  eye  of 
he  transitman,  it  is  not  necessary  to  disturb  it  again.  (See 
Hirallax,  Part  III.) 

2.  To  get  the  line  of  sight  on  an  object  quickly,  sight  along 
he  top  of  the  telescope  before  sighting  through  it. 

*  See  Eng.  News.,  Aug.  16, 1900,  or  Baker's  Surveying  Instrumeata^  V>^^« 
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3.  In  fo6using,  remember  that  the  nearer  the  object  the  far- 
ther out  the  object-glass  must  be  run.     "Near-far  and  far-near." 

4.  Do  not  use  the  upper  or  lower  part  of  the  vertical  cross- 
hair for  sighting  when  its  intersection  with  the  horizontal  hair 
can  be  used  just  as  well.  The  vertical  hair  may  not  be  truly 
vertical. 

5.  In  sighting  on  a  pole,  sight  as  far  down  as  possible  (at  the 
very  bottom  if  that  can  be  seen),  for  the  pole  may  not  be  held 
exactly  plumb. 

6.  If  the  telescope  has  stadia- wires,  do  not  mistake  either  of 
them  for  the  regular  horizontal  hair. 

7.  Do  not  take  hold  of  the  telescope  itself  to  move  it  sidewise; 
form  the  habit  of  turning  it  by  taking  hold  of  the  plate  on 
which  the  standards  rest. 

8.  If  the  telescope  is  used  in  the  dark,  the  cross-hairs  must 
be  illumined  by  reflecting  light  down  the  barrel  of  the  telescope. 
Mining  transits  are  furnished  with  a  device  for  this  purposes. 

.  (See  also  observation  on  Polaris.) 

112.  Transiting,  Plunging,  or  Reversing  the  Telescope. 
Synonymous  terms  for  turning  the  telescope  completely  over 
on  its  supporting  axis,  thus  bringing  it  upside  down,  and 
making  it  point  in  exactly  the  opposite  direction  from  what 
it  did  before.  The  upper  and  lower  plate  clamps  are  set  so 
that  the  telescope  cannot  move  sideways  while  it  is  being 
reversed. 

113.  Setting  up  the  Transit.  The  transitman  aims  at  two 
things  in  setting  up  a  transit,  viz.:  (1)  He  must  center  it  over 
some  given  point;  (2)  He  must  "level  up,"  i.e.,  make  the 
graduated  plate  horizontal.  The  given  point  is  usually  a  stake 
driven  into  the  ground,  the  head  of  a  tack  or  nail  marking  the 
exact  point  on  the  stake.  The  tripod,  plumb-bob,  and  shift- 
ing-head are  used  to  "center"  the  transit,  the  thumb-screws 
and  plate-levels  to  "level  up."  The  process  may  be  outlined 
as  follows: 

1.  Set  the  tripod,  with  shoes  pressed  firmly  into  the  ground, 
in  such  a  position  that,  when  its  head  is  approximaiely  levd 
(judged  by  the  eye),  the  plumb-bob  will  come  to  rest  nearly 
over  the  point  (tack).     (See  suggestion  5,  Art.  114.) 

2.  Loosen  two  adjacent  thumb-screws,  andj  using  the  shift- 
ing-head, bring  the  point  of  the  plumb-bob  over  the  required 
point  (center  of  tack-head).    Use   the  sliding  device  on  the 
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plumb-bob  string,  if  necessary,  so  that  the  point  of  the  bob 
just  clears  the  stake. 

3.  Tighten  the  two  thiunbHscrews  (previously  loosened  for 
shifting),  and  by  means  of  all  four  screws  level  up. 

4.  See  that  the  plumb-bob  still  hangs  over  the  center  of  the 
tack  when  the  plates  are  level.  If  in  *'leveUng  up"  it  has  been 
disturbed,  bring  it  back  to  the  center  by  using  the  shifting- 
head  and  level  up  again. 

Speed  in  setting  up  a  transit  is  worth  a  great  deal,  for  a  slow  transitman 
can  delay  the  work  of  a  whole  party.  Moreover,  setting  up  over  a  rail- 
way track  "between  trains"  often  means  quick  work.  It  is  true  that  the 
knack  of  setting  up  a  transit  comes  from  practice,  but  make  it  tnteUigerU 
practice  from  the  start.  Consult  the  next  article  frequently  and  prac- 
tice until  the  methods  suggested  become  second  nature. 

114.  Suggestions  for  Setting  Up  a  Transit. 

(1)  The  clamps  in  the  upi>er  part  of  the  tripod  should  be  ad- 
justed so  that  they  are  just  tight  enough  for  friction  to  hold 
the  legs  in  any  position. 

(2)  Spread  the  tripod  legs  just  far  enough  to  bring  the  tele- 
scope at  a  convenient  height:  it  saves  stretching  up  or  stoop- 
ing down. 

(3)  Manipulate  the  tripod  so  that  its  head  is  approximately 
level  to  begin  with.  The  less  the  thumb-screws  are  used  the 
better:  saves  wear,  saves  time.  On  level  ground  set  the  shoes 
about  equal  distances  from  the  tack.  On  a  slop>e  place  two  legs 
on  the  down-hill  side. 

(4)  If  the  tripod  head  is  too  much  out  of  level,  the  thumb- 
screws in  "leveling  up'*  will  bind;  do  not  force  them;  start  over 
again  by  moving  the  legs  of  the  tripod  so  as  to  make  the  head 
level. 

(5)  A  most  important  suggestion.  Set  up  the  transit  at  first 
within  a  foot  or  two  of  the  station  without  any  attempt  to  bring 
the  bob  over  the  tack,  the  main  object  being  to  get  the  plates 
approximately  level,  as  judged  by  the  eye,  and  the  telescope  at 
a  convenient  height,  with  the  tripod  shoes  merely  resting  on  the 
ground.  This  having  been  accomplished  in  two  or  three  quick 
movements,  lift  all  three  shoes  off  the  ground  and  move  the 
transit  bodily  until  the  bob  is  over  the  tack,  push  the  legs  into 
the  ground  and  proceed  to  use  the  shifting-head  and  levehng- 
Bcrews  as  already  e?^lained. 

Remark,  It  seems  difficult  to  convince  students  that  the  preliminary 
setting  up  to  one  side  of  the  station  is  not  a  waste  of  time.  If  done  cor- 
rectly* however,  it  takes  but  a  few  seconds,  and  a  fair  trial  will  show  th 
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(6)  Three  important  suggestions  for  manipulating  the  tripod. 
When  the  bob  is  within  a  few  inches  of  the  tack,  but  too  far 
away  to  be  brought  over  it  with  the  shifting-head,  the  legs  of  the 
tripod  must  be  moved  slightly.  Keep  in  mind  these  three  sug- 
gestions: 

(a)  If  the  plumb-bob  is  off  the  tack,  but  the  plates  are  nearly 
level,  move  a  tripod  leg  on  its  own  pivot  towards  or  away  fpojn 
the  tack.  (Changes  the  position  of  the  bob,  but  does  not 
throw  the  plates  greatly  out  of  level.  This  is  the  condition 
most  often  met  with.) 

(b)  If  the  bob  is  over  the  tack,  but  the  plates  are  out  of  level, 
swing  a  tripod  leg  right  or  left  without  moving  it  on  its  own 

.  pivot.     (Tends  to  level  the  plates  without  changing  the  position 
of  the  bob.) 

(c)  If  the  bob  is  only  a  little  off  the  tack,  first  get  it  "on 

-  line"  with  one  leg  and  the  tack,  and  then 

°,  bring  it  over  the  tack  by  moving  that  leg 

^9  •Tack  thus:    If  bob  is  at  a,  Fig.  114  Cc),  bring  it  to 

o^      •'•  «       6,  or  to  c  by  moving  legs  d  and  c,  and  then 

bring  it  over  the  tack  by  moving  leg  /,  or 
by  moving  both  legs  d  and  e. 

(7)  The  tripod  must  stand  firmly.  On  soft  ground  push  the 
legs  well  in,  but  not  as  if  they  were  to  stay  for  all  time.  Push- 
ing against  a  leg  crosswise  is  a  waste  of  strength  and  may  break 
it  by  bending;  push  lengthwise.  On  hard,  smooth  surfaces, 
such  as  floors  and  pavements,  put  the  shoe-points,  if  possible, 
in  cracks  or  small  holes,  to  prevent  slipping. 

(8)  Avoid  setting  a  tripod  leg  *'on  line"  where  it  might  in- 
terfere with  stretching  the  tape  in  chaining  between  stations. 

(9)  If  the  wind  is  blowing,  kneel  on  the  windw^ard  side  of  the 
plumb-bob  and  shield  it  with  the  body  or  with  a  hat. 

Suggestions  for  using  the  thumbscrews  in  leveling  up, 

(10)  Two  diagonally  opposite  screws  are  worked  at  the  same 
time,  first  one  pair,  then  the  other,  alternating  until  the  plates 
are  level.  The  thumbs  always  move  toward  or  away  from  each 
other.  The  knowledge  of  which  way  to  turn  the  screws  should 
soon  become  instinctive.  It  may  be  helpful,  however,  to  re- 
member that  the  bubble  will  move  in  the  direction  in  which  the 
left  thumb  is  turned. 

(11)  If  there  is  only  one  plate-level,  it  is  placed  parallel  to 
the  hrst  pair  of  thumb-screws  used,  and  then  parallel  to  the 


USE  OF  THE  TRANSIT  89 

# 

other  pair.  If  there  are  two  plate-levels,  each  is  placed  parallel 
to  a  pair  of  diagonally  opposite  screws. 

(12)  Keep  all  four  thumb-screws  bearing  evenly  and  fimily. 
If  one  of  a  pair  is  turned  faster  than  the  other,  it  will  either 
bind  or  be  raised  off  the  bearing  plate;  stop  turning  this 
screw  until  the  other  catches  up.  If  all  are  turning  hard,  the 
tripod  head  is  too  much  out  of  level,  or  one  pair  has  been 
forced,  or  possibly  the  screw-threads  need  cleaning.  Consult 
an  instructor. 

Remark.  The  leveling-screws  should  turn  so  easily  that  they  may  be 
roUed  between  the  paLns  of  the  hands.  This  is  quicker  than  turning  them 
with  the  fingers. 

(13)  After  levehng  up,  take  hold  of  the  graduated  plate  and 
see  if  it  is  firm;  if  it  rocks,  one  or  more  of  the  thumb-screws 
is  not  bearing  properly. 

(14)  In  setting  up  to  prolong  a  straight  line,  it  is  well  to  have 
one  pair  of  diagonally  opposite  thumb-screws  in  the  line,  the 
other  pair  at  right  angles  to  it. 

(15)  In  precise  work,  especially  where  the  transit  is  to  be  used  for 
leveling,  it  in  better  to  be  guided  by  the  level  attached  to  the  telescope, 
as  this  is  more  sensitive  than  the  plate-level.-^.  The  latter  may  l>e  used 
until  the  plates  are  approximately  level.  The  telescope  is  then  clamped 
in  a  horizontal  position,  and  brought  first  over  one  pair  of  levelihg-screws 
and  then  over  the  other,  ju«t  as  in  setting  up  a  level.  It  must  be  carefully 
noted,  however,  that  in  the  case  of  the  transit  the  bubble  is  brought  half- 
way back  to  the  center  of  its  tube  with  the  leveling-screws,  and  the  rest 
of  the  way  by  moving  the  telescope  up  or  down  with  the  slow-motion 
screw  which  controls  the  revolution  of  the  supporting  axis. 

115.  Accuracy  Required  in  Setting  Up  a  Transit.     It  is 

not  always  necessary  to  have  the  bob  exactly  over  the  tack 
or  the  plates  exactly  level.  Like  all  surveying  operations, 
''setting  up"  demands  care  in  proportion  to  the  results  re- 
quired. 

If  angles  are  being  read  to  the  nearest  minute,  and  points 
sighted  at  are  from  50  to  100  feet  away,  the  point  of  the  bob 
can  be  from  }  to  i  in.  from  the  center  of  the   tack  without 
seriously  affecting  results.     (See  the  next  chapter.)     An  ex- 
perienced transitman,  however,  should  be  able  to  bring  the 
•bob  to  within  less  than  a  quarter  of  an  inch  of  the  point  without 
special  effort  or  waste  of  time. 
In  leveling  up,  the  follovring  points  should  be  remembered: 
1.  In  measuring  the  horizontal   angle  between   two  points 
about  on  the  same  level,  the  plates  need  bo  only  approximately 
level.     (T^cy  can  often  be  leveled  by  the  eye  aVow^.^ 


90  USE  OF  THE  TRANSIT 

2.  In  measuring  the  horizontal  angle  between  a  high  and  a 
low  point,  more  care  should  be  taken  in  leveling  up — especial^ 
should  the  bubble  be  in  the  center  of  that  tube  which  is  at 
right  angles  to  the  telescope. 

3.  In  measuring  the  vertical  angle  between  points  in  the 
same  vertical  plane,  it  is  only  that  plate-level  parallel  to  the 
telescope  which  requires  sp>ecial  attention. 

The  student  will  be  well  paid  if  he  will  experiment  for  himr 
self  along  the  lines  suggested  by  this  article. 

Errors  canned  by  poor  setting  up  are:  (1)  From  not  getting 
the  center  over  the  tack;  (2)  From  not  getting  the  plates  level 
Errors  from  these  sources  are  as  a  rule  comparatively  smalL 

1 16.  Backsight — Foresight.  -A  transit  stands  at  B.  It  is 
desired  to  measure  the  angles  ABC  and  ABD,  and  to  produce 

^      the  line  AB  to  E.    In  measuring  either 
^/^        angle  or  in  producing  the  Une,  if  the  point 

^- E     A  is  the  first  point  sighted  at,  then  AB 

^s^        is  called  the  backsight,  while  the  sights 
on  C,  Ey  and  D  are  called  foresights.    An 
Fig.  116.  indefinite  number  of  sights  to  other  points 

(all  foresights)  could  be  taken,  the  angles  to  which  could  all  be 
measured  from  AB  as  a  backsight.  A  backsight  is  a  point  of 
reference  (or  more  strictly  a  line  of  reference  from  the  transit 
to  some  other  point);  from  it  angles  are  measured  to  lines  (fore- 
sights) to  other  points.  If  the  angle  is  180°,  the  line  of  back- 
sight is  simply  produced.  A  backsight  is  usually  the  first 
sight  taken  after  the  transit  is  set  up,  and  ordinarily  only  one 
backsight  is  used  no  matter  how  many  foresights  may  be  needed. 

NUe.  The  terms  backsight  and  foresight  are  unfortunate  in  that  they 
imply  direction:  they  have  nothing  to  ^o  with  direction.  Thus,  if  onlv 
the  angle  ABC  were  to  be  measured,  one  might  sight  on  C  first,  in  whi^ 
case  CB  would  be  the  backsight. 

(1)  /n  thi»  book  when  three  letters  or  numbers  are  used  to  denote  an  angle 
the  MIDDLE  letter  or  number  represents  the  vertex  of  the  angle  (t  e.,  tphen 
the  transit  stood  when  the  angle  was  measured).  Unless  othenoiae  Hated  it 
may  be  assumed  also  thai  the  first  letter  or  number  represents  the  backbioht 
ana  the  third  letter  or  number  the  foresight. 

Illustration.  If  JCFZ  =  40°,  Y  is  the  vertex,  X  the  backsight,  and  Z 
the  foresight. 

117.  Permanent  Backsight.  A  backsight  is  usually  taken- 
on  a  p)ole  or  pencil  held  by  one  of  the  party.  It  is  often  desir- 
able to  establish  a  permanent  backsight  so  that  the  transitman 
can  sight  to  it  whenever  he  desires  without  keeping  a  man  there 
to  give  the  sight.  When  the  line  of  sight  is  set  on  the  back- 
sight  for  the  first  time,  before  unclamping;  move  the  telescope 
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up  or  down.  Usually  the  line  of  sight  will  strike  some  object 
definite  and  prominent  enough  to  use  as  a  backsight  in  place 
of  the  other,  thus  allowing  the  flagman  to  be  called  in.  A 
crack  in  the  fence,  a  mark  on  a  tree,  some  definite  comer  of  a 
house,  or  something  similar,  can  be  used,  but  if  none  is  readily 
found,  it  often  pays  to  have  a  fiagman  make  a  ''permanent 
backsight''  by  sticking  in  a  flagpole  or  a  chain-pin,  or  by  making 
some  mark  that  can  be  easily  distinguished  through  the  tele- 
scope. 

118.  Permanent  Foresight.  When,  as  is  often  the  case, 
a  number  of  points  are  to  be  "lined  in"  with  some  point  ahead, 
it  is  an  excellent  plan  to  establish  a  permanent  foresight  as  far 
ahead  as  practicable,  so  that  if  the  line  of  sight  gets  off  the 
point  the  transitman  will  notice  it  and  bring  the  line  in  again. 

119.  Use  of  the  Upper  and  Lower  Clamp. 

The  lotoer  clamp  and  corresponding  slow-motion  screw  are 
used  in  getting  a  ha>cksighi;  these  mitst  never  be  disturbed  while 
taking  a  foresight. 

The  upper  clamp  and  tangent-screw  are  used  in  setting  the 
indicator  at  zero  and  in  getting  a  foresight. 

(a)  Note.  The  importance  of  keeping  the  above  in  mind  is  readily  seen. 
If,  after  taking  a  backsight,  the  transitman  wiU  keep  his  hands  off  the  lower 
part  of  the  transit,  he  will  avoid  the  danger  of  disturbing  his  backsight. 
When  in  doubt,  turn  the  upper  screw — that  can  do  Uttle  harm.  Disturb- 
ing the  backsight  may  mean  beginning  all  over  again.  Note  that  a  tangent- 
screw  will  not  work  until  the  corresponding  clamp  is  set.  Errors  often  arise 
from  thinking  clamps  are  set  when  they  are  not,  or  from  clamps  slipping. 
Clamps  should  not  be  forced,  but  they  must  be  set  tight  enough  to  nolo. 
After  setting  on  the  backsight,  it  is  well  to  try  turning  the  upper  plate 
gently,  as  a  test  before  beginning  to  take  angles.  If  the  cross-hairs  move 
off  the  point  and  do  not  return,  the  clamp  must  be  tightened. 

120.  Lining  in,  or  Sighting  in  Line.  Be  sure  the  line  of 
sight  is  on  the  desired  point  and  all  clamps  set.  Look  along 
the  top  of  the  telescope  and  motion  the  flagman  approximately 
into  line,  then  look  through  the  telesoope  and,  sighting  at 
the  point  of  the  rod  if  possible,  signal  into  line.  (Make  the 
signal  correspond  to  the  distance  the  rod  must  be  moved:  a 
vigorous  motion  means  to  move  it  quite  a  distance,  a  slight 
motion  means  a  short  distance).  For  sights  three  hundred  feet 
or  less,  a  lead-pencil  is  often  used  instead  of  a  rod.  Do  not 
split  hairs  in  lining  in  the  chainman.     (See  Art.  63,  p.  41.) 

In  setting  the  stake  for  a  transit  station,  first  line  the  stake 
in  and,  if  possible,  watch  it  as  it  is  being  driven;  make  the 
axeman  drive  it  so  that  its  middle  is  about  on  Vme,  «».tA  \)aEa. 
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set  the  tack  with  exactness,  using  a  pencil  to  sight  on  when 
possible. 

121.  Reversing  in  Azimuth  and  Altitude,  or  Double 
Reverse.     A  technical  term  for  the  following  process:  A  transit 

stands  at  T.     Clamp  the  upper  ana 

^  T  ^,.^^'"'^^^     lower  plates  together  at  the  start  ana 

^■^^    "^^-w*    ^^  ^^^  unclamp  during  the  process. 

Pjq    221  '^^^^  means  that  no  angles  are  read, 

and  no  use  whatever  is  made  of  the 
Vernier, — it  is  not  necessary  even  to  set  it  at  zero. 

(1)  Backsight  on  A,  (Using  the  lower  clamp  and  tangent 
screw.) 

(2)  Plunge  the  telescope.  If  the  transit  is  in  adjustment, 
the  line  of  sight  will  strike  some  point  in  the  line  AT  pro- 
duced, as,  for  example,  the  point  D;  if,  however,  it  is  out  of 
adjustment,  it  will  strike  some  other  point,  as  B, 

(3)  Let  the  telescope  remain  bottom  side  up,  unclamp  the 
lower  screw,  turn  the  two  plates  together  until  the  telescope 
(still  bottom  side  up)  again  points  at  the  backsight  on  A. 
Clamp  the  lower  clamp  and  bring  the  cross-hairs  exactly  on  A 
with  lower  tangent-screw. 

(4)  Plunge  the  telescope.  (The  telescope  now  becomes  right 
side  up.)  If  the  transit  is  in  adjustment,  the  line  of  sight  will 
again  strike  the  point  D,  but  if  it  is  out  of  adjustment,  the  lino 
of  sight  will  strike  a  point  C  which  is  as  far  on  one  side  of  TD 
as  B  is  on  the  other  side.  In  practice,  .iniless  the  instrument 
is  badly  out  of  adjustment,  the  points  B  and  C  are  usually 
within  an  inch  or  so  of  each  other,  and  the  true  point  Z>,  half* 
way  between  B  and  C,  is  easily  established  by  measurement. 

Note.  No  UJ^  is  made  of  the  graduations  on  the  lower  platet  thus  elim- 
inating error  from  incorrect  graduation  or  from  not  setting  the  vernier  at 
exactly  180°.  Notice  also  that  either  the  upi>er  or  the  lower  clamp  can  be 
used,  provided  both  are  tight  when  the  telesco|)e  is  plunged.  It  is  better, 
however,  to  act  the  upper  clamp  once  for  all  before  taking  the  firat  iadtnCfA/ 
and  then  leave  it  alone.  If,  in  setting  up  the  transit,  hint  (14),  page  89.  is 
followed,  the  error  due  to  the  plate-level  being  out  of  adjustment  may  be 
eliminated  bv  leveling  for  the  bubble  in  that  tube  at  right  anglee  to  the 
line,  just  before  each  backsight  is  taken.  Do  not  take  nold  (rfthe  tele- 
scope to  turn  it  around  horizontally. 

122.  Prolonging  a  Straight  Line.     (Four  methods.) 

1.  Set  up  at  one  end,  sight  at  the  other  end  and  line  in. 

2.  Set  up  at  one  end,  backsight  on  the  other  end  and,  plung- 
ing the  telescope,  line  in. 

3,  If  not  sure  that  the  transit  is  in  adjustment,  use  the 
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method  of  double  reverse.  In  important  work  this  method 
should  be  used  as  a  precaution  whether  the  transit  is  in  ad- 
justment or  not. 

4.  Balance  in  the  transit  on  any  point  in  the  line  produced 
(see  Art.  124),  and  set  other  points  as  desired. 

123.  Double  Centering.  A  term  sometimes  used  to  denote 
the  third  method  in  the  preceding  article  of  finding  a  point  on 
a  Hne  prolonged. 

124.  Balancing  In.  Getting  the  transit  on  line  with  two 
points,  when  the  point  at  which  the  transit  is  to  stand  has 
not  been  previously  established.  This  is  done  by  trial.  When 
neither  of  the  given  points  can  be  seen  from  the  other  and 
the  transit  stands  between  them,  the  work  is  more  difficult. 
The  method  pursued  is  given  on  p.  201. 

125.  Measuring    Horizontal    Angles.      In  measuring   an 
angle  keep  in  mind  that  the  lower  part  of  the  in- 
strument is  a  protractor,  and  the  upper  part  merely  ^^^ 
a  pointer  with  the  zero  mark  of  the  vernier  for  an     C^*^ 
indicator.     The  outline  of  the  actual  work  done  in          ^^"^p 
measuring  an  angle,  as  ACB^  is:                                       p^^  j2 

(1)  Set  up  at  C. 

(2)  With  upper  and  lower  clamps  loose,  revolve  both  plates 
until  the  zero  on  the  vernier  coincides  as  nearly  as  may  be  with 
the  zero  on  the  limb.  Set  the  upper  clamp  and  with  the  cor- 
responding tangent-screw  make  the  zeroes  exactly  coincide. 
(This  is  called  setting  the  vernier  at  zero.)  Observe  the  marks 
each  side  of  the  zero. 

(3)  Backsight  at  A.  When  the  line  of  sight  is  nearly  on  -4 
set  the  lower  clamp  and  make  it  exactly  strike  A  with  the  cor- 
responding tangent-screw  (lower). 

(4)  Loosen  the  upper  clamp,  turn  the  upper  plate  until 
the  line  of  sight  is  nearly  on  B^  set  the  upper  clamp  and 
make  the  line  of  sight  exactly  strike  B  with  the  upper  tangent- 
screw. 

(5)  Read  the  angle. 

Using  the  wrong  clamp  or  tangent-screw  is  a  frequent  source 
of  error.  See  Art.  119  (a),  p.  91.  Notice  which  is  used  for 
each  operation,  viz.: 

Setting  the  vernier  (2).     Upper  clamp  and  tangent-screw. 

Backsighting  on  A  (3).     Lower  clamp  and  tangent-screw. 

Foresighting  on  B  (4).     Upper  clamp  and  tarv^enV^-^et^^ . 
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It  will  help  matters  to  remember  that  in  measuring  anglob 
the  only  use  made  of  the  lower  clamp  and  lower  tangent-eGiew 
is  in  backsighting,  and  that  the  upper  clamp  and  the  upper 
tangent-screw  are  used  for  everything  else^  including  setting  the 
vernier  and  foresighting.  The  upper  clamp  or  tangent-screw  must 
never  be  disturbed  when  ba^ksighting  ^  and  the  lower  clamp  or 
tangent-screw  mv>st  never  be  disturbed  when  foresighting. 

For  a  more  accurate  method  of  measuring  angles  (by  repe- 
tition) see  Art.  138,  p.  S9. 

126.  Angles  Taken  to  the  Right  or  Left.  Any  angle  as 
BCA  has  two  values,  one  measured  clockwise,  the  other  counter- 
clockwise. If  measured  clockwise,  it  is  said  to 
be  taken  to  the  right;  if  measiu^d  counter- 
clockwise, it  is  taken  to  the  left.  The  difference 
lies  wholly  in  the  direction  in  which  the  angle  is 
read;  it  makes  no  difference  whatever  in  which 

Fig.  126.  direction  the  telescope  is  turned  when  moved 
from  the  oacksight  to  the  foresight.  This  will  be  clear  if  the 
methods  of  reading  right  and  left  angles  as  explained  in  the 
preceding  chapter  are  understood.  In  ordinary  surveying 
it  is  better  on  the  whole  to  take  all  angles  to  the  right,  but  in 
some  lines  of  work  it  is  more  convenient  to  take  them  right 
or  left.  Keep  in  mind  that,  except  for  deflection  angles, 
360°  minus  an  angle  to  the  right  equals  the  corresponding 
angle  to  the  left  and  vice  versa, 

127.  Taking  a  Number  of  Angles  from  the  same  Back- 
sight. 

1.  Set  the  vf-mier  at  zero.     (Upper  clamp  and  tangent-screw.) 

2.  Backsight  on  A.     (Lower  clamp 
and  tangent-screw.) 

3.  Foresight  on  B.     (Upper  clamp 
and  tangent-screw.)     Read  the  angle. 

4.  Foresight  on  C.     (Upper  clamp 
and  tangent-screw.)     Read  the  angle.  ^'°'  ^^^' 

5.  Foresight  on  D,  (Upper  clamp  and  tangent-screw.)  Read 
the  angle. 

Thus  any  number  of  angles  may  be  taken  from  A  as  a  back- 
sight. Note  again  that  the  lower  clamp  and  corresponding 
tangent-screw  are  not  to  be  disturbed  after  the  backsight  is  taken. 

128.  Setting  the  Vernier.     Setting  the  vernier  at  zero  is 
merely  a  matter  of  convenience.     In  some  cases  it  is  better  to 
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set  it  at  random,  read  it  before  and  after  measuring  the  angle, 

and  take  the  difference  of  the  two  readings. 

lUuatrtUion.  The  vernier  is  set  at  30°  10'  before  backsi^hting.  The 
reading  from  the  foresight  is  70°  21'.  The  value  of  the  angle  is:  70°  21'  — 
30*  10'^-40«  11'. 

129.  Suggestions  for  Measuring  Horizontal  Angles. 

1.  Remember  that  the  telescope  cannot  be  turned  right  or 
left  without  turning  the  upper  plate  with  it. 

2.  If  there  are  two  verniers,  it  is  sufficient  in  ordinary  work 
to  use  only  one,  and  that  should  be  the  one  which  is  more  nearly 
under  the  eyepiece  of  the  telescope.  (Saves  walking  around 
the  transit.)  The  other  vernier  across  the  circle  should  not  be 
used  at  all  except  in  special  cases.  Avoid  the  mistake  of  using 
first  one  and  then  the  other  indiscriminately,  or  getting  the 
two  confused. 

3.  Form  the  habit  of  estimating  by  eye  whether  an  angle  is 
between  90°  and  180^  or  between  180°  and  270°.-  This  is  one 
of  the  best  hints  that  can  be  given,  and  if  the  beginner  will  check 
his  readings  in  this  way  he  will  save  himself  absurd  mistakes 
of  an  even  90°  or  an  even  180°  due  to  reading  the  wrong  vernier 
or  the  wrong  number  on  the  limb.     (See  p.  71,  Art.  94  (6).) 

4.  After  the  backsight  is  taken  see  that  all  champs  are  t.'ght 
and  that  the  vernier  is  set  exactly  at  zero  before  loosening  the 
upper  clamp  to  take  angles,  but  donH  force  the  clamp.  To  make 
sure,  test  the  lower  clamp  by  trying  gently  to  turn  the  plate.  If 
the  cross-hairs  move  slightly  off  of  the  backsight  but  come  back 
again  when  the  hands  are  removed  from  the  plate,  the  clamps 
are  tight. 

5.  Do  not  rest  the  hands  on  the  tripod  or  up)on  any  other 
part  of  the  instrument. 

6.  In  taking  a  large  number  of  angles  from  the  same  back- 
sight a  good  transitman  will  find  time,  every  few  angles,  to 
sight  on  his  "permanent  backsight"  to  make  sure  that  the 
lower  part  of  the  transit  has  not  been  disturbed.  After  taking 
a  set  of  angles  always  do  this  the  last  thing  before  leaving  the 
station. 

7.  In  taking  a  number  of  angles  from  the  same  backsight,  it 
is  not  necessary  to  set  the  upper  clamp  each  time  if  the  tan- 
gent-screw is  not  used.  Where  angles  have  to  be  read  rapidly 
and  to  the  nearest  minute  or  two,  it  is  better  not  to  use  the 
upper  clamp  at  all. 
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8.  If  a  number  of  angles  are  taken  from  the  same  backsi^t, 
and  if,  as  is  often  the  case,  one  is  more  important  than  the 
others,  aim  to  take  the  imp>ortant  one  first  as  soon  as  poedble 
after  backsighting,  to  avoid  the  error  from  sligjat  disturbances 
of  the  transit. 

9.  In  taking  angles  to  the  right  it  is  not  necessary  to  turn 
the  telescope  to  the  right.    Turn  it  through  the  shcnrter  arc. 

10.  Follow  the  suggestions  for  using  the  vernier  and  reading 
angles  given  in  Art.  131. 

130.  Sources  of  Error  in  Measuring  Horizontal  Angles. 
If  the  transit  is  in  good  working  order,  well  adjusted  and  no 

parts  loose,  the  most  common  sources  of  error  are: 

1.  Careless  setting  up, — not  over  the  tack,  or  plates  not  level, 
or  legs  not  firm. 

2.  The  slipping  of  a  clamp  when  it  is  supposed  to  be  tight. 

3.  Rough  or  careless  handhng  of  the  instrument. 

4.  Careless  sighting, — intersection  of  cross-hairs  not  used,  or 
sighting  at  the  top  instead  of  the  bottom  of  the  rod. 

5.  Instrument  disturbed  or  jarred  out  of  position  by  walking 
around  it,  by  passing  teams  or  cars;  vibration  of  telescope  in 
strong  wind. 

6.  Mistakes  in  setting  the  vernier  or  in  reading  the  angle. 
A  discussion  of  these  errors  will  be  found  in  the  next  chapter. 

131.  Suggestions  for  Using  the  Vernier  and  Reading 
Angles.     (A  summary  of  Chapter  VIII.) 

1.  Use  the  upper  clamp  and  tangent-screw  for  setting  the  ver- 
nier. Loosen  both  clamps,  upper  and  lower,  until  the  setting 
is  near  enough  to  use  the  tangent-screw,  then  tighten  the  upper 
clamp;  after  that  remember  that  the  upper  tangent-screw  can- 
not be  turned  mthout  disturbing  the  setting  of  the  vernier, 

2.  If  there  are  two  verniers,  180®  apart,  use  the  one  that  is 
nearly  under  the  eyepiece  of  the  telescope.  Do  not  use  the 
other  vernier  at  all  except  in  special  cases. 

3.  Ascertain  from  insj>ection  whether  the  center  (or  inner)  row 
of  numbers  on  the  limb  is  to  be  read  for  angles  to  the  right. 
Use  this  row  exclusively  except  in  work  where  angles  are  taken 
to  the  left. 

4.  Do  not  make  the  mistake  of  setting  the  vernier  at  the 
wrong  zero.  If,  for  example,  the  outer  row  is  graduated  from 
0°  to  360°,  and  the  inner  row  is  graduated  by  the  half-circle 
method  or  by  the  quadrant  method  (sec  pages  73-75),  one  of  the 
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eeroes  on  the  inner  row  will  come  opposite  to  the  180*  mark  on 
the  outer  row.  A  common  mistake  is  to  set  the  vernier  at  this 
zero  and  then  read  the  angle  as  if  it  had  been  set  at  the  360^ 
mark  (or  corresponding  zero)  of  the  outer  row.  This  will  make 
an  error  of  180®  in  the  angle. 

5.  In  setting  the  vernier  as  well  as  in  reading  angles,  look  at 
two  or  three  vernier  marks  rather  than  at  a  single  mark. 

6.  Before  looking  at  the  vernier  make  sure  that  you  have  the 
limb  reading  correct,  especially  the  even  number  of  degrees. 
Always  keep  in  mind  the  value  of  the  smallest  division  on  the 
limb  and  do  not  neglect  the  fraction  of  a  degree.  Estimate 
roughly  from  inspection  of  the  limb  what  the  vernier  reading 
should  be  before  looking  at  the  vernier. 

7.  In  a  double  vernier  read  the  vernier  which  is  in  advance  of 
the  indicator. 

8.  In  reading  the  vernier  keep  in  mind  the  value  of  the 
smallest  division,  and  if  it  is  in  seconds  do  not  call  it  minutes. 
Notice  if  the  final  reading  agrees  with  that  previously  estimated 
from  the  limb. 

9.  Finally.  The  order  in  reading  an  angle  is:  (1)  Note  the 
limb  reading  carefully;  (2)  Estimate  the  vernier  reading;  (3) 
Read  the  vernier;  (4)  Add  the  vernier  reading  to  the  limb 
reading. 

132.  Common  Mistakes  in  Reading  Angles.  (See  Chapter 
VIII.) 

1.  Setting  the  vernier  at  rv  zero  of  the  inner  circle,  but  not  at 
the  zero  of  the  outer  circl6,  and  reading  the  angles  thereafter 
from  the  outside  circle,  or  vice  versa. 

2.  Omitting  the  fraction  of  a  degree  in  reading  a  limb. 

3.  Reading  the  inside  circle  of  numbers  on  the  limb  instead 
of  the  outside  circle,  or  vice  versa. 

4.  Getting  the  number  of  degrees  wrong  when  the  limb  is  not 
numbered  continuously  from  0  to  360. 

5.  Reading  the  B  vernier  instead  of  the  A  vernier,  or  vice 
versa. 

6.  Reading  the  wrong  side  of  a  double  vernier. 

7.  Calling  the  smallest  division  on  a  30",  20",  or  10"  vernier 
minutes  instead  of  seconds. 

8.  Looking  at  a  single  vernier  mark  instead  of  at  two  or  three. 

9.  Arithmetical  mistakes  in  adding  the  vernier  reading  to  the 
limb  reading. 
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10.  Finally:  Mistakes  are  more  likely  to  occur  in  reading  the 
limb  than  in  reading  the  vernier,  and  mistakes  in  reading  the 
limb  are  the  more  serious.  Many  such  mistakes  may  be  avoided 
by  habitually  estimating  angles  by  eye  as  a  rough  check  on 
the  reading.     (See  suggestion  3,  p.  95.) 

133.  The  Reading-^lass.  A  small  magnifyingrglass  is  used 
for  reading  the  vernier;  one  about  an  inch  in  diameter  is  a 
good  size.  Steady  the  glass  by  resting  the  hand  on  the  plate 
near  the  vernier,  and  bring  the  glass  slowly  toward  the  eye 
imtil  the  best  results  in  clearness  and  magnification  are  ob- 
tained. In  bright  sunlight  a  good  way  is  to  use  both  hands, 
one  resting  on  either  side  of  the  vernier,  with  the  reading-glass 
supported  between  them.     This  effectively  shades  the  vernier. 

134.  Taking  Angles  from  the  Backsight  Prolonged.  In 
some  classes  of  work,  especially  in  railroad  work  and  in 
surveys  which  continue  more  or  less  in  a  straight  line,  it  id 

more  convenient  after  backsighting  to 
plunge  the  telescope  and  take  an|^ 
right  or  left.  Thus  in  Fig.  134,  back- 
sight on  A,  plunge  the  telescope  and 
measure  an  angle  CTD  to  the  right,  or 
CTB  to  the  left.    Such  angles  are  called 

deflection   angles.     (See   p.    120.)     Deflection   angles   are   never 

greater  than  18(P, 

135.  Vertical  Angles,  (a)  With  the  horizontal.  If  neces- 
sary, first  adjust  the  vertical  arc  so  that  it  is  at  zero  when  the 
line  of  sight  is  level  (as  shown  by  the  level-bulb  attached  to 
the  telescop>e).  Sight  approximately  at  the  point,  set  the  clamp 
that  controls  the  movement  of  the  telescope  in  the  vertical  plane, 
and  use  the  corresponding  tangent-screw  to  bring  the  line  of 
sight  exactly  on  the  point.    Read  the  vertical  arc. 

Caution.  On  some  transits  the  vertical  arc  is  fastened  to  the  m4>p(Mrting 
axis  by  a  clamp,  and  when  this  damp-screw  is  loose  the  axis  may  turn 
without  taking  the  vertical  arc  with  it.  Be  constantly  on  gaard  when 
measuring  vertical  angles  with  such  an  instrument,  to  make  sure  that  the 
reading  is  zero  when  the  bubble  is  at  the  center  of  its  tube. 

If  neither  the  vertical  arc  nor  the  corresponding  vernier  is  adjustable, 
note  the  reading  when  the  line  of  sight  is  horizontal.  This  reading,  some- 
times called  an  index  error,  must  then  be  applied  vnth  its  proper  algebraie 
aign  to  all  readings,  just  as  if  the  vertical  angle  were  taken  between  ant/ 
two  points,  as  explained  in  the  next  paragraph. 

(6)  Vertical  angle  between  two  points.  Sight  first  at  one  point, 
note  the  reading  on  the  vertical  arc,  then  sight  at  the  other  and 
note  that  reading.  Use  the  clamp  and  tangent-screw  attached 
to  the  supporting  axis.    Inspection  of  the  vertical  circle  wiU 


Fig.  134. 
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make  it  obviqus  whether  to  add  or  to  subtract  the  readings.  If 
both  sights  are  above  or  below  the  horizontal,  subtract;  if  one 
is  above  and  the  other  below,  add.  It  is  not  usually  necessary 
in  surveying  to  measure  vertical  angles  with  the  same  precision 
required  for  horizontal  angles. 

136.  To  Turn  off  a  Horizontal  Angle.     The  reverse  of 

measuring  an  angle.    Set  the  vernier  at  zero  and  clamp  the 

plates  together  (upper  clamp}.     Backsight  and  set  the  lower 

clamp.     Loosen  the  upper  clamp  and  set  the  vernier  at  the 

angle  to  be  laid  off.     Set  the  upper  clamp,  "line  in"  the  pole, 

stake,  tack,  or  whatever  is  used  to  mark  the  desired  point. 

Note,  Notice  that,  lis  in  measuring  angles,  the  lower  clamp  is  only 
used  for  backsighting.  The  most  common  angle  to  lay  ofiF  is  90**  for  foun- 
dations of  structures,  for  rectangular  pieces  of  land,  for  triangulation,  and 
for  many  other  purposes.  For  a  more  accurate  method  (by  repetition) 
see  Art  142. 

1 37.  To  Measure  Horizontal  Angles  with  Great  Accuracy. 

Errors  in  adjustment  must  be  eliminated  and  the  angle  read 
to  as  small  a  fraction  of  arc  as  the  instrument  will  allow.  As 
most  transits  are  more  or  less  out  of  adjustment,  and  as  the 
ordinary  transit  read  3  to  minutes  or  possibly  half -minutes,  the 
method  of  Art.  125,  dei)ending  on  a  single  reading,  will  not  give 
the  best  results.  One  of  the  two  methods — by  repetition  or  by 
series — ^may  be  used  where  greater  accuracy  is  required.  Both 
methods  depend  upon  multiplying  the  number  of  the  observa- 
tion '. 

138.  Measuring  Angles  by  Repetition.  To  measure  an  angle 
by  repetition  means  to  msasure  it  two  or  more  times,  allowing 
the  vernier  to  remain  clampsd  each  time  at  the  previous  reading 
instead  of  setting  it  back  at  zero  when  sighting  at  the  backsight. 

(a)  Measure  the  angle  once  in  the  usual  manner,  note  the 

reading   (merely  as  a  check),  and  let  the    two  plates  remain 

clamped  at  the  reading.    Backsight   again   and  measure    the 

angle  a  second  time  in  the  same  direction  as  before.     The 

reading  should  now  be  double  the  real  value  of  the  angle. 

(b)  lUustnOion.    Transit  at  C,  backsight  at  A,     Measure  ACB;    sup- 
pose vernier  reads  30**  1'.     Allow  vernier  to  remain  clfl  '^ped  at  30**  l^  back- 
sight at 'A,  and  med,sure  the  angle  again.     The  vemiex*  will 
now  read  60**  2',  which  divided  by  2  gives  the  value  as  be-  ^h 

fore,  30**  1'.  But  suppose  instead  of  60**  2'  it  reads  60**  3'. 
This  would  indicate  that  the  angle  is  30**  1'  30''.  But  if 
the  transit  reads  to  minutes,  this  result  could  not  have  been 
obtained  from  a  single  observation  without  estimating  the 
30".  By  letting  the  vernier  remain  at  60**  3'  and  measuring 
for  a  third  time,  if  the  reading  should  be  90**  4'  the  value 
would  be  30^  V  2y\  Thus  on  a  transit  reading  to  minutes 
results  may  be  obtained  to  30"  by  doubling  an  &a|^«  axidi  \>o  TKV'  Vs 
tripling  it. 
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(c)  Doubling  an  anj^e  is.  measurini^-  an  angle  by  the  above  method  twice 
beiure  reading,  tripling  thi^e  times,,  qtiadrupling  four  times,  and  so  on. 
More  than  six  repetitions  are  seldom  used.  Of  course,  a  vernier  may  be  set 
at  random  to  start  with  instead  of  at  zero.  In  running  transit  lines, 
doubling  angles  may  be  used  merely  as  a  check. 

Caution,  Keep  in  mind  the  rule,  Art.  119:  Backsight — lower:  fore- 
sight— upper.  In  repeating  an  angle,  turning  the  lower  tangent-screw 
when  foresight ing,  or  the  upper  tangent-screw  when  backsighting,  will 
make  it  necessary  to  start  all  over  again. 

id)  Adding  multiples  of  S60°.  In  repeating  angles  it  is  sometimes  neces- 
sary to  add  360°  or  720°  to  a  reading.  First  illustration.  In  doubling  an 
an^  of  200°  the  first  reading  is  200°,  the  second  reading  is  40°,  or  40  + 
360  =  400  and  400-5-2  =  200°.  Second  illustration.  An  angb  of  130°  is 
sextupled,  and  the  final  reading  is  60°,  or  60  +  360+360  =  780,  and  780 -»- 
6  =  130°.  The  indicator  on  the  vernier  has  moved  twice  around  the  grad- 
uated circle  and  60°  over. 

(e)  Measuring  deflection  angles  by  repetition.  This  involves 
the  method  of  double  reverse  (p.  92);  otherwise  it  does  not 
differ  from  the  method  just  explained. 

(1)  Measure  the  deflection  angle  in  the  usual  way. 

(2)  Keep  the  plates  clamped  at  the  reading  obtained  in  (1) 
loosen  the  lower  clamp,  and,  with  the  telescope  still  bottom  side 
up,  backsight  a  second  time  as  in  the  method  of  double  reverse. 

(3)  Plunge  (the  telescope  now  becomes  right  side  up),  and 
again  measure  the  deflection  angle,  dividing  the  final  reading 
by  two. 

In  addition  to  the  usual  advantages  of  doubling  an  angla 
this  method  eliminates  errors  in  adjustment  of  the  line  of 
colKmation. 

13^.  Mea3uri.ig  Angles  by  Series.     This  method  may  be 

used  where  several  angles  have  a  common 
vertex.  Angles  are  measured  in  succession 
around  the  horizon,  and  the  set  "closed"  by 
sighting  on  the  first  backsight.  If  the  ver< 
nier  does  not  read  the  same  as  it  did  to  start 
with,  the  error  is  distributed  equally  between 
the  angles  irrespective  of  size. 

JUlusiraiion.     Transit  at  C.     Set  vernier  at  random,  say  20°.     Backsi^t 
on  A.     Vernier  reading  20°. 

Fore-  Vernier  a^-i^  o  v^^      ^'  tr  i 

sight  Reading  ^^^^  Subtraction  Value 

B  140°  21'  ACB  (140'' 21')-   20°    0*)  120°  21' 

D  160°  32'  BCD  (160°  32')- (140°  21')  20°  11' 

E  200°  40'  DCS  (200°  40') -(160°  32')  40°    8' 

A  20°    1'  EC  A  (380°    1')- (200°  40')  179°  21' 

360°  or 

Error  =  20°  l'-20°«l'  or  15"  to  be  subtracted  from  each  anrfe.  thus: 
120°  20'  45"  +  2J°  10'  45"  +  40°  7'  45"  + 1 79°  20^  45"  =  360°  0'  0".    By  tak- 
ing  angles  in  combination,  as,  for  example,  ACD^  BCE,  and  ACE,  other 
^uAtj'ons  of  coDditioDs  may  be  obtained. 
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140.  Additional  Precautions  in  Measuring  Angles.     In 

very  accurate  •  work,  when  mc.isuring  angles  either  by  repe* 
tition  or  by  series,  one  or  more  of  the  following  precautions 
may  be  taken  to  eliminate  error  due  to  lack  of  adjustment, 
eccentricity,  faulty  graduation,  and  other  instrumental  errors: 

1.  Read  both  (opposite)  verniers  each  time. 

2.  Take  angles  to  the  right,  then  to  the  left. 

3.  Take  angles  with  th3  telescope  normal,  then  with  it  in- 
verted. 

4.  Shift  the  zero  of  the  vernier  along  the  limb  so  that  differ- 
ent portions  of  the  graduated  arc  may  be  used. 

Taking  angles  in  seta.  When  the  above  precautions  are  used  it  is  neces- 
sary to  take  the  angles  in  **seta."  Each  set,  complete  in  itself,  gives  a 
value  of  the  angle,  and  the  final  value  is  found  either  by  taking  the  arith- 
metical mean,  or  by  adjusting  the  values  from  equations  of  conditions. 
The  latter  properly  belongs  to  higher  surveying.  In  Chapter  XVI,  on 
Triangulation,  more  explicit  directions  are  given  for  taking  angles  in  sets. 

141.  Comparison  of  the  Two  Methods.  The  method  of 
repetition  is  to  be  preferred  for  the  measuremeat  of  a  single 
angle,  and  for  a  transit  with  coarsely  graduated  circle.  The 
method  by  series  is  used  in  triangulation  when  precise  in- 
struments with  finely  graduated  arcs  are  employed.  In  either 
method  the  precautions  of  Art.  140  will  theoretically  eliminate 
instrumental  error.  In  repeating  angles  the  number  of  sights 
is  doubled,  hence  the  chances  for  errors  in  sighting  and  clamp- 
ing are  doubled,.and  the  time  nearly  doubled.  Thus  this  method, 
perfect  in  theory,  is  not  so  superior  In  practice  as  at  first  ap- 
pears, and  the  limit  of  precision  is  ordinarily  reached  after  a 
few  repetitions. 

142.  To  Lay  Off  an  Angle  by  Repetition.  The  reverse  of 
measuring  an  angle  by  repetition. 

Illustration.  Transit  at  C.  Backsight  at  A,  Required  to  lay  oflf  30** 
1'  30",  transit  reading  to  minutes. 

Backsight  at  A  with  vernier  set  at  0°. 

Foresight  by  setting  vernier  at  30°  1',  point  falls  at  B. 

Backsight  at  A,  vernier  still  at  30°  1'. 

Foresight  by  setting  vernier  at  60°  3',  point  falli  at  D. 

Required  point  is  at  E,  half-way  between  B  and  D. 

Note.  The  first  and  second  points,  B  and  D,  are  usually 
so  close  together  that  no  diflficulty  is  experienced  in  getting 
the  half-way  point.  It  may  be  well,  however,  having  set 
the  final  point,  to  actually  measure  the  angle  by  repetition 
in  the  usual  way  as  a  cneck.  Precautions  corresponding 
to  those  of  Art.  140  can  be  taken  if  necessary. 

Deflection  angles  may  be  laid  off  in  a  sinalar  nr.anner  by  reversing  the 
method  of  138  (c). 

143.  Reading  Bearings,  (a)  The  compass-box  on  a  traws\i 
is  attached  to  the  upper  pJate,  and  when  lYie  tc\Gseo^^  \^  \,wtcv^^ 


102 


USE  OF  THE  TRANSIT 


sidewiBe  the  compase-box  must  turn  with  it.  When  the  tflle- 
Bcope  is  right  side  up  the  letter  N.  is  directly  beneath  the  front 
end  of  the  telescope.  A  line  between  N.  and  S.  ia  alwajra  di- 
rectly beneath  the  axis  of  the  telescope  {or  line  of  sight)  no 
matter  .n  what  direction  the  telesaipe  may  6f  poinlir.g.  When 
the  magnetic  needle  ia  lowered  to  its  pivot  it  will  come  to  rest 
pointing  north,  and  if  the  telescope  is  also  pointed  to  the  mag- 
netic north,  the  north  end  of  the  needla  will  point  tv  thff  letter 


Fra.  143  (a).  Fia.  143  (b). 


Pus.  113  (c). 


N.  (Fig.  143  (o)).  If,  however,  the  telescope  is  turned  in  some 
other  direction,  the  letters  N.,  E.,  S..  and  W.  turn  with  it;  but 
the  needle  will  still  point  to  tlie  mag^ictjc  north,  and  each  of 
its  ends  will  usually  rest  between  two  of  these  letters, 
read  the  bearing  of  a  hne,  pay  no  attention  to  the  telescope 
except  to  see  whether  it  is  normal  or  imerled,  and  do  not  try 
to  think  beforehand  whether  the  bearing  is  going  to  be  N.E. 
orS.E.,  S.W.  orN.W.  If  the  telescope  is  right  side  up,  simply 
observe  between  which  two  letters  the  norlli  end  of  the  needle 
rests,  and  how  many  degrees  it  is  from  the  letter  N.  o 
letter  S.  as  the  case  may  be.  The  f-outh  end  of  the  n 
observed  instead  of  the  north  end  wlicn 
verted.  The  noHh  end  of  the  needle  C;  !/h  i 
On  most  transits  the  lett  E-  and  ^^^ 
E.  being  on  the  left  and  the 
this  will  appear  from  the  fil 


(b)  lUuHTMim 


d  nwdl 
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In  transits  where  the  E.  and  W.  have  not  been  interchanged  one  must 
be  on  guard  against  the  mistake  illustrated  above  ot  reading  east  for  west 
or  vice  veraa. ' 

(jd)  Precautions.  (1)  Never  read  a  bearing  from  E.  or  from  W.  The 
first  letter  is  always  N.  or  S.,  and  the  last  letter  is  al^vays  E.  or  W. 

(2)  In  recording  a  bearing  do  not  omit  either  the  first  or  the  last  letter. 
Of  what  value  is  a  bearing  recorded  N.  40°,  or  one  recorded  35°  E.? 

(3)  In  som^  transits  a  vernier  will  be  foimd  witiiin  the  compass  circle, 
to  be  used,  when  desired,  for  setting  ofi  the  magnetic  declination,  so  that 
when  the  needle  points  to  N.  the  telescope  will  point  to  tne  true  north  in- 
stead of  the  magnetic  north.  This  makes  it  possible  to  read  true  bearings 
instead  of  magnetic  bearings.  (See  Art.  154.)  When  reading  magnetic 
^^ecurvngs  be  sure  that  this  vernier  ia  set  at  zero. 


CHAPTER  X 

ERRORS  IN  ANGULAR  MEASUREMENTS 

The  aim  in  this  chapter  is  to  discuss  the  relitive  importance  <^  the 
different  sources  of  error  in  ani^ular  measurement,  to  suggest  limits  of  error 
ani  to  point  out  how  the  limits  of  error  adonted  for  angular  measurement 
shouH  be  consistent  with  those  adopted  for  linear  measurement. 


144.  Sources  of  Error  in  Measuring  Angles. 

1 .  Instrumental  errors.  (1 )  Errors  of  adjustment,  and  ^2)  errors 
from  defects  in  construction  which  cannot  be  elimina'cd  Ly 
adjustment,  such,  for  example,  as  eccentricity  in  the  graduc* 
tion  on  the  limb.  (See  Part  III.)  Methods  of  eliminating  in- 
strumental errors  are  given  in  Art.  140,  p.  101. 

2.  Mistakes  in  manipulating  the  transit,  Sunmiarized  in  Art. 
130,  p.  96. 

3.  Mistakes  in  reading  angles.     Sununarized  in  Art.  132,  p.  97. 

4.  Errors  in  setting  up  the  transit.  (1)  Transit  not  centered 
ov2r  the  station,  and  (2)  plates  out  of  level. 

5.  Errors  in  sighting.  Intersection  of  cross-hairs  not  exactly 
on  the  point  sighted  at. 

0.  Xatural  sources  of  error.  Wind,  refraction,  temperature, 
obstacles. 

145.  Relative  Importance  of  Error.  In  linear  measure- 
ment the  magnitudes  of  the  errors  from  different  sources  are 
pretty  well  known,  but  in  rngular  measurement  the  errors  are 
so  afT-^c'ed  by  varj'ing  conditions  that  they  cannot  be  esti- 
mated in  advance.  Instrumental  errors,  mistakes  in  manipu- 
liting  the  trans't,  and  mistake-  in  reading  angles,  for  example, 
do  not  admit  of  much  theoretical  discussion.  In  ordinaiy 
surveying  such  errors  can  be  practically  eliminated,  and  then 
their  relative  impor'  ance  does  not  matter.  The  last  three  sources 
of  error  mentioned  in  the  preceding  article  may  be  briefly  treated. 

146.  Errors  in  Setting  up  the  Transit.    Contrary  to  the 
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general  impression  the  error  due  to  the  plumb-bob  being  off 
the  station  is  not  so  important  as  the  error  due  to  the  plates 
being  out  of  level.  This  is  especially  true  in  hilly  ground  where 
the  telescope  may  be  pointed  up  for  one  sight  and  down  for 
another.  It  is  to  be  remembered  also  that  in  measuring  an 
angle  the  error  from  either  source  is  greater  for  short  sights 
than  for  long  sights,  while  in  laying  off  an  angle  the  reverse  ia 
true.  It  does  not  take  much  if  any  longer  for  a  good  transit- 
man  to  so  set  up  his  instrument  that  in  ordinary  work  the  erroi 
from  either  source  is  inappreciable.  Although  th3  plumb-bob 
may  be  as  much  as  J  inch  off  the  station,  the  resulting  error 
will  probably  not  exceed  one  minute  for  100-ft.  sights,  while 
for  1000-ft.  sights  it  will  be  a  small  fraction  of  a  minute.  As 
the  plumb-bob  can  be  brought  to  within  J"  of  the  point  with- 
out special  effort  and  still  closer  if  desired,  it  is  seen  that  the 
importance  of  this  source  of  error  may  be  easily  overestimated. 
If  the  limb  is  6"  in  diameter  and  one  edge  is  ^  "  lower  than  the 
other,  a  maximum  error  of  one  minute  of  arc  might  result.  A 
difference  of  J"  in  level  might  cause  a  maximum  error  of  from 
six  to  seven  minutes,  but  such  a  difference  in  level  would  be 
apparent  to  the  eye. 

147.  Errors  in  Sighting,  (a)  The  practical  question  here 
is:  How  much  error  is  caused  by  not  sighting  exactly  on  a 
point?  Suppose  that  in  measuring  an  angle  a  line  of  sight  which 
should  strike  a  given  point  passes  a  short  distance,  say  one 
inch,  to  one  side  of  that  point.  The  nearer  the  given  point 
is  to  the  transit  the  greater  the  angular  error  caused  by  this 
departure  of  one  inch.  On  the  other  hand,  suppose  that  a 
small  error,  say  of  one  minute,  is  made  in  laying  off  an  angle. 
The  line  of  sight  will  depart  farther  and  farther  from  the  true 
line  as  the  distance  from  the  transit  becomes  greater  and  greater. 
Some  idea  of  thB  magnitude  of  errors  from  these  two  sources 
may  be  gained  from  the  following  approximate  values: 


Length  of  sight 
in  feet 

Angular  error  for 
one  inch  or  0.08  ft. 

Deviation  for  error 
of  one  minute 

100 

3  min. 

0.03  ft.  or    J  in. 

300 

1  min. 

0.09  ft.  or    1  in. 

500 

}  min.  or  30  sec. 

0.15  ft.  or  IJ  in. 

1000 

J  min.  or  15  sec. 

0.30  ft.  or  3f  in. 

1500 

J  min.  or  10  sec. 

0.45  ft.  or  5J  in. 

5000 

3^  min»  or   3  sec. 

1.50  i\,.  oi  V'^Vel. 
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(b)  Note.  It  is  well  to  fix  two  or  three  of  these  values  in  mind.  For 
example,  a  point  an  inch  out  of  line  at  100  ft.  from  the  transit  causes  an 
error  of  about  3'.  This  error  varies  very  nearly  inversely  as  the  distance 
of  the  point  from  the  transit,  so  that  one  minute  corresponds  approximately 
to  one  inch  300  ft.  from  the  transit.  Again,  an  error  of  1'  of  arc  brings  a 
point  0.3  ft.  out  of  line  1000  ft.  from  the  transit.  This  error  varies  dvrecUy 
as  the  distance  of  the  point  from  the  transit,  so  that  at  500  ft.  the  error 
is  half  as  much,  or  0.15  ft. 

(c)  Illustration.  A  rod  is  held  so  that  the  top  is  one  inch  out  of  plumb. 
It  is  100  ft.  from  the  transit.  Sighting  at  the  top  results  in  an  angular 
error  of  3'.  Hence  the  importance  of  sighting  at  the  bottom  of  the  rod  or, 
when  this  is  impossible,  of  holding  the  rod  plumb.  The  nearer  the  rod  is 
to  the  transit  the  more  need  there  is  for  accurate  sighting. 

(d)  Illustration.  The  following  illustration  shows  how  much  more  im- 
portant it  is  to  hold  the  rod  plumb  than  it  is  to  split  it  exactly  with  the 
vertical  hair;  incidentally  it  emphasizes  also  the  importance  of  sighting 
at  the  bottom  of  a  rod  when  it  id  possible  to  do  so. 

If  a  rod  one  inch  in  diameter  is  held  on  a  point  300  ft.  from  the  transit, 
the  maximum  error  due  to  the  vertical  hair  not  splitting  the  rod  will  nc^ 
exceed  half  a  minute  of  arc,  provided  the  hair  covers  the  rod  at  alL  On 
the  other  hand,  in  sighting  at  the  top  of  a  rod  which  is,  say,  two  inches 
out  of  plumb,  the  error  will  be  four  times  as  great,  or  two  mmutes.  It  is 
evident  that  it  is  easier  to  bring  the  vertical  hair  on  the  rod  than  it  is  to 
hold  the  latter  plumb.  Moreover,  when  all  but  the  upper  foot  or  two  oif 
a  rod  is  invisible  from  the  transit,  the  top  may  be  considerably  more  than 
two  inches  out  of  plumb  with  a  corresponding  increase  in  error. 

148.  Natural  Sources  of  Error.  A  high  wind,  a  hazy  at- 
mosphere, the  sun  shining  on  the  instrument,  and  other  natural 
sources  of  error  often  render  accurate  work  with  the  transit 
very  difficult.  For  work  of  great  precision  atmospheric  con- 
ditions are  usually  most  favorable  directly  after  sunrise. 

149.  Elimination  of  Errors.  Mistakes.  Keep  in  mind  the 
"danger-points'*  where  mistakes  are  likely  to  be  made  in  read- 
ing angles.  (Art.  132,  p.  97).  Form  the  habit  of  estimating 
angles  by  eye  as  a  rough  check  (p.  95).  Make  use  of  other 
checks  whenever  possible,  such  as  the  check  by  the  magnetic 
needle  or  by  doubling  the  angle.  Be  sure  that  the  line  of  sight 
is  directed  at  the  point  which  is  supposed  to  be  taken ;  do  not 
get  stations  confused,  and  when  it  becomes  necessary  to  sight 
at  the  top  of  a  rod  make  sure  that  it  is  plumb. 

Constant  errors.  One  of  the  reasons  why  the  measurement  of 
angles  is  so  satisfactory  is  that  constant  errors  may  be  largely 
eliminated  by  taking  observations  in  pairs.  Thus,  for  example, 
plunging  the  telescope  between  two  observations  eliminates 
instrumental  errors,  and  reading  both  verniers  eliminates  eccen- 
tricity of  graduation.  Other  precautions  are  given  in  Art.  140, 
p.  101,  and  an  illustration  of  the  method  of  procedure  when 
it  is  desired  to  measure  angles  with  high  precision  is  given  in 
Chapter  XVI,  Triangulation. 

Accidental  errors  are  eliminated  by  adjusting  values  of  angles, 
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by  taking  the  mean  of  several  observations  and  by  distr  buting 
the  total  error  when  several  angles  are  related  by  some  fixed 
condition  (Art.  24  (6),  p.  14). 

150.  The  Precision  of  Angular  Measurements  may  be 

judged  in  one  of  two  ways:  (1)  By  comparing  the  results  of 
several  independent  measurements  of  the  same  angle,  and  (2) 
by  observing  how  closely  the  values  of  different  but  related  angles 
fulfill  known  conditions. 

(a)  First  method.  In  ordinary  work  if  an  angle  is  important 
enough  to  check  at  all,  it  is  usually  doubled.  (Method  of 
repetition,  p.  99.)  In  more  important  work  an  angle  may  be 
measured  a  number  of  times  and  the  precision  will  then  be 
indicated  by  the  probable  error  (pp.  15-19).  The  more  com- 
pletely the  assumptions  of  least  squares  (p.  15)  are  fulfilled 
the  more  nearly  will  th^  probable  error  represent  the  true  error 
(p.  17,  Art.  27(a)). 

(6)  Second  method.  When  the  angles  of  a  polygon  are  meas- 
ured the  true  error  of  their  sum  is  known  (p.  1 19),  but  not  the 
error  of  any  ons  angle.  The  same  is  true  of  several  angles 
having  vertices  at  a  common  point,  when,  as  in  Fig.  139  (p.  100), 
their  sum  should  equal  360®.  When,  however,  the  sum  of  two 
or  more  angles  should  equal  a  measured  angle  the  discrepancy 
between  the  sum  and  the  measured  angle  is  not  an  error  in  the 
true  sense  of  the  word,  but  simply  the  difference  between  two 
quantities  both  of  which  contain  an  error  (see  p.  14).  In 
all  three  cases  errors  in  one  angle  may  be  compensated  by 
errors  in  another  angle,  so  that  the  error  of  the  sum  does  not 
represent  the  actual  precision  of  the  work. 

(c)  Illustration.  The  three  angles  of  a  triangle  often  add  up  exactly  to 
180°  when  measured  with  a  transit  reading  to  nniinutes.  This  does  not 
mean  that  no  error  has  been  made,  but  that  the  errors  are  exactly  com- 
pensating. It  is  not  likely  that  any  one  of  the  three  angles  can  be  ex- 
pressed in  even  minutes.  If,  therefore,  they  are  measured  with  a  finely 
graduated  transit  reading  to  10'^  their  sum  is  less  likely  to  add  up  to  180° 
than  if  a  transit  reading  to  minutes  is  used,  although  the  precision  with 
which  each  angle  is  measured  may  be  much  greater.  Thus,  for  example, 
three  angles  were  measured  with  the  following  results: 

Transit  reading  Transit  reading 

to  1  minute  to  10  seconds 

1 68°  10'  68°    9'  40" 

2 79°  40'  79°  40'  25" 

3 32°  10'  32°    9'  40" 

180°    0'  179°  59'  45" 

The  error  of  the  sum  in  the  second  set  is  15",  yet  the  precision  for  each 
angle  is  probably  mueh  greater  than  in  the  first  set  where  the  error  of  the 
sum  is  sero.     In  a  similar  manner  the  angles  of  a  triangjLe  aa  detfttcoLVCd^^ 
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by  reading  a  compass  to  the  nearest  15'  will  often  add  up  180^,  while  the 
same  angles  measured  with  a  transit  fail  to  do  so,  yet  the  precision  of  the 
work  done  with  the  transit  is  probably  far  greater. 

151.  Conditions  which  Affect  the  Precision  of  Angular 
Measurements  in  addition  to  the  sources  of  error  already 
treated  are: 

(1)  Instrument  used.  How  well  made;  how  finely  gradu- 
ated; power  of  telescope,  sensitiveness  of  levels,  and  rigidity 
of  tripod. 

(2)  Local  conditions.  Conditions  affecting  the  setting  up 
and  the  stability  of  the  transit.  Time  allowed  for  completion 
of  the  work. 

(3)  Atmospheric  conditions.  Wind,  haziness,  temperature,  and 
refraction. 

(4)  Method  used  in  measuring  the  angle. 

152.  Customary  Limits  of  Error.  (a)  Varying  condi- 
tions render  it  difficult  to  state  what  constitutes  good  work 
with  the  transit.  Moreover,  as  already  pointed  out  on  p.  44, 
the  limits  of  error  are  largely  governed  by  the  purpose  of  a 
survey,  and  even  in  the  same -survey  angbs  are  not  all  meas- 
ured with  the  same  precision.  Suppose,  however,  a  limit  of 
error  has  been  fixed  for  chaining  and  it  is  desired  that  the 
precision  of  angular  measurement  shall  correspond.  The  ques- 
tion at  once  arises:  What  is  the  largest  permissible  error  for 
each  angle?  In  the  following  table  the  errors  in  feet  caused 
by  different  angular  errors  are  given  for  five  lengths  of  sights, 
viz.,  100  ft.,  500  ft.,  1000  ft.,  1500  ft.,  and  5000  ft.: 

Error       100  500  1000         1500  5000        Ratio 

r      0.0291      0.1454      0.2909     0.4363      1.4544       3^ 


30"  0.0145  0.0727  0.1454  0.2182  0.7272 

30"  0.0097  0.0485  0.0970  0.1454  0.4848 

10"  0.0048  0.0242  0.0485  0.0727  0.2424 

6"  0.0029  0.0145  0.0291  0.0436  0.1454 

4"  0.0019  0.0097  0.0194  0.0291  0.0970 

2"  0.0010  0.0048  0.0097  0.0145  0.0485 


1 

^§0 

1 
10300 

1 
20600 

1 
34400 

1 
51600 

1 
103100 


0.0104  ft  =  i  in.  0.0208  ft.=  i  in.  0.0417  ft.=  )  in. 

O,0833  It.  =  l  in.  0.2500  ft.  =  3  in.         0.4167  ft.=-5  in. 
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This  table  has  two  uses:  (1)  It  gives  the  permissible  angular 
error  for  a  given  ratio  of  precision;  (2)  it  gives  an  idea  of  the 
error  in  feet  at  different  distances  from  the  transit  caused  by 
a  given  error  in  minutes  or  seconds, 

(6)  Permissible  angular  error.  The  ordinary  transit  reads 
to  minutes.  If  an  error  in  an  angle  does  not  exceed  one  minute, 
the  ratio  of  precision  is  about  y^\j^.  It  is  not  difficult  to  keep 
within  this  limit  in  chaining,  and  in  a  large  part  of  the  sur- 
veyor's work  greater  precision  is  not  required.  A  ratio  of  y^^'^^ 
is  classed  as  fair  work  for  measurements  with  a  steel  tape 
(p.  49).  To  come  within  this  limit  angles  should  be  read 
to  30"  (see  table),  and  this  can  easily  be  done  with  a  transit 
reading  to  minutes  (p.  78).  For  a  precision  of  Yshira  ^^^  angles 
should  be  read  to  20",  therefore  a  transit  graduated  to  20" 
is  preferable.  For  the  higher  limits  of  yjj^,  zjihn^  and  ys^^^h 
it  is  seen  that  angles  must  be  read  to  6",  4",  and  2"  respect- 
ively. This  requires  the  use  of  accurate  instruments,  finely 
graduated,  with  corresponding  precautions  in  sighting  and 
manipulation.  Moreover,  a  number  of  independent  measure- 
ments of  each  angle  must  be  taken  (either  by  repetition  or  by 
series,  see  pp.  99,  100),  from  which  the  probable  value  of  the 
angle  may  be  deduced. 

It  is  evident  that  in  any  given  survey  the  limit  of  error  for 
angles  and  the  limit  of  error  for  linear  measurements  should 
be  consistent.  This  is  too  frequently  overlooked,  one  limit 
being  set  for  chaining,  another  for  transit  work.  An  exception 
to  be  noted  is  in  rough  chaining  when  corresponding  angular 
measurements  can  be  made  with  greater  precision  than  the 
linear  measurements  without  special  effort  or  loss  of  time. 

(c)  The  'permissible  error  in  the  position  of  a  point,  if  kept  in 
mind,  will  often  save  unnecessary  refinement  in  measuring 
angles  in  certain  classes  of  work,  while  in  other  work  it  will 
emphasize  the  necessity  for  accurate  measurements.  This  is 
shown  in  the  following  illustrations. 

id)  Illustration.  In  a  topographic  survey  it  is  sufficient  to  locate  con- 
tour points  within,  say,  a  foot  or  two.  The  longest  sight  is,  say,  400  ft. 
From  the  table  the  error  for  I'  for  a  100-ft.  sigat  is  0.029  ft.,  hence  for 
400  ft.  it  is  about  0.12  ft.  To  come  within  1.5  ft,  the  angular  error  must 
not  exceed  1.5-*-0.12  =  12  minutes.  For  sights  less  than  400  ft.  the  per- 
missible error  is  still  greater.  As  limb  readings  can  easily  be  estimated 
to  within  10',  this  means  that  for  400-ft.  sights,  or  less,  it  is  not  necessary 
to  consult  the  vernier — an  obvious  saving  of  time. 

(c)  lUustratum.  A  certain  point  about  500  ft.  from  the  transit  must 
be  located  within  i".     From  the  table,  i"  (or  0.0208  ft.)  for  500  ft,  cqc* 
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responds  to  an  error  of  a  little  less  than  W,    This  is  the  mazimnm  peP» 
missible  angular  error. 

(/)  Error  in  the  sum  of  angles.  Since  errors  in  angular  measure- 
ments are  largely  comp>ensating,  when  several  angles  are  added 
together  the  total  error  of  their  sum  may  be  expected  to  vary 
about  as  the  square  root  of  the  number  of  angles.  Limits^ 
error  may  be  indicated  as  in  chaining  (p.  45);  thus  RB=r\/N, 
where  Rs  is  the  total  error  of  the  sum,  r  the  permissible  error 
for  one  angle,  and  N  the  number  of  angles  either  in  a  polygon 
or  about  a  point.  From  the  following  table  the  value  of  R/ 
in  seconds  can  be  obtained  for  different  values  of  r  and  N: 

Permissible  errors  in  the  sums  of  angles  for  different  values  of  r 


N 

r=60" 

r=30" 

r=  20" 

r=10" 

r=6" 

r-4" 

r«2" 

3 

104" 

52" 

35" 

17" 

10" 

7" 

3.6" 

4 

120" 

60" 

40" 

20" 

12" 

8" 

4" 

6 

147" 

73" 

49" 

24" 

15" 

10" 

6" 

9 

180" 

90" 

60" 

30" 

18" 

12" 

6" 

12 

208" 

104" 

69" 

35" 

21" 

14" 

7" 

16 

240" 

120" 

80" 

40" 

24" 

16" 

8" 

•  In  ordinary  work  the  value  of  r  may  be  taken  as  30"  (see  p.  109). 
The  error  which  may  be  expected  in  the  sum  of  the  angleS 
of  a  triangle  is  52",  or  about  a  minute.  For  a  four-sided  poly- 
gon the  table  gives  exactly  a  minute,  while  for  one  of  sixteen 
sides  it  is  two  minutes.  Of  course  these  values  are  not  ab- 
solute,— they  are  for  guidance  only.  In  selecting  the  value  of 
r  the  correlation  of  angular  and  linear  measurements  already 
discussed  should  be  kept  in  mind.  The  tendency  is  to  measure 
angles  with  unnecessary  accuracy,  and  to  neglect  important 
sources  of  error  in  linear  measurements. 


CHAPTER  XI 
BEARINGS  AND  AZIMUTHS 

Bearing  and  ttztmiUk  mean  so  nearlv  the  same  thins  in  surveying  that 
the  two  terms  are  often  confused.  Each  is  used  to  designate  the  angle 
which  a  line  makes  with  a  north  and  south  meridian,  but  there  is  an  im- 
portant distinction  as  to  how  this  angle  is  measured.  The  distinction  is 
made  clear  in  this  chapter,  as  is  also  the  distinction  between  forward  bear- 
ing and  back  bearing,  and  between  forward  azimuth  and  b<ick  asimuth. 

For  the  method  of  calcuiatins  the  bearing  of  one  line  from  the  bearing 
of  another  line  when  the  angle  between  the  two  is  known  see  chapter  on 
CcUctdation  of  Bearinoi,  Part  II.  For  properties  of  the  magnetic  needle 
consult  Part  III.  For  the  method  of  surveying  with  the  compass  see  the 
chapter  on  Compaaa  Starveyino. 


153.  Magnetic  Declination.  In  Part  III  it  is  explained 
that— 

1.  Except  in  a  few  localities  the  magnetic  needle  does  not 
point  to  the  true  north,  but  to  a  magnetic  north.  The  angle 
bstween  a  true  north-and-south  liro  and  a  magnetic  north- 
and-south  line  as  observed  at  any  place  is  the  magnetic  decli- 
nation for  that  place. 

2.  The  magnetic  declination  differs  for  different  places,  and 
varies  slightly  from  year  to  year  in  the  same  place. 

3.  The  agonic  line  is  a  line  passing  through  places  where  the 
declination  is  zero.  In  the  United  States  it  passes  through  the 
central  part  of  South  Carolina,  Ohio,  and  MtdM|ian. 

4.  For  places  ea^t  of  this  line  the  declination  ie  west,  and  for 
places  voest  of  it  the  declination  is  ^osl.  This  fact  helps  the 
memory  in  deciding  whether  the  declination  for  any  place  is 
east  or  west. 

5.  Local  attraction  is  a  term  used  to  denote  any  influence 
which  prevents  the  needle  from  pointing  to  the  magnetic  north 
in  a  given  locality. 

154.  Tlie  Bearing  of  a  Line.  If  a  north-and-south  line 
passes  through  one  end  of  a  given  line,  two  supplementary 
angles  are  formed;  the  smaller  of  these  two  angles  is  the  hearing 
of  the  given  line.    6earinji:s  are  always  measured  from  the  nottV:^ 

\\\ 
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Fig.  154. 


point  or  the  south  point  so  many  degrees  east  or  west,  never 

from  the   east  point  or  the  west  point  so 
'A   many  degrees  north  or  south. 

Illustration.  In  Fig.  154  the  four  possible  direc- 
tions in  which  bearings  are  measured  are  indicated 
by  the  arrows.  Thus  the  bearing  of  CA  is  N.  30** 
E.,  not  E.  60°  N.;  of  CB,  S.  60°  E..  not  E.  30°  S.;  of 
E  CD,  S.°  70°  W.,  not  W.  20°  S. ;  of  CF,  N.  40°  W..  not 
W.  50°  N. 

'B  By  definition  a  bearing  can  never  exceed 
90°.  For  example,  a  Hne  120°  from  north 
measured  clockwise  is  not  N.  120°  £.,  but 
S.  60°  E. 

True  hearing.  The  bearing  of  a  line  with  respect  to  a  true 
north  and  south  meridian. 

Magnetic  hearing.  The  bearing  of  a  line  with  respect  to  a 
magnetic  north-and-south  meridian.  This  is  the  bearing  that 
is  read  from  a  compass  (unless  the  decUnation  arc  has  been 
turned  off),  and  differs  from  the  true  bearing  at  any  place 
by  the  amount  of  the  magnetic  declination  at  that  place. 

Question,  Whyi  will  the  true  bearing  of  a  line  change  if  the  line  is  pro" 
onged  far  enough  with  the  transit? 

155.  Forward  Bearing  and  Back  Bearing.  Every  line 
of  definite  length  has  two  bearings,  one  for  each  end  of  the  line. 
If  the  bearing  of  any  line  froin  one  end  is  N.E.,  from  the  other 
end  it  will  be  S.W.  and  vice  versa]  likewise  if  from  one  end  of 
a  line  the  bearing  is  N.W., 
from  the  other  end  it  must 
be  S.E.  This  is  an  iniport- 
ant  distinction  because  it  in- 
dicates direction  northerly  or 
southerly.  Thus,  for  exam- 
ple, if  the  bearing  of  a  line 
AB  (Fig.  155)  is  given  indis- 
criminately as  either  S.  30°  E. 
or  N.  30°  W.,  one  cannot  tell 
whether  B  is  southeast  or 
northwest  of  A,  but  if  from 
A  to  B  {AB)  it  is  S.  30°  E.  Fig.  155. 

and  from  B  to  A  {BA)  it  is  N.  30°  W.,  all  doubt  is  removed. 
The  forward  hearing  of  a  line  is  the  bearing  in  the  directicMi 
in  which  the  survey  is  being  run,  while  the  ha^k  hearing  is  that 
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in  the  opposite  direction.      The   two  bearings  of  a  line   are 
numerically  equal  but  with  opposite  letters. 

IlluMtration.  In  Fig.  155,  if  the  survey  is  made  from  >l  to  2?  to  C  to 
Dio  A,  the  bearings  as  given  on  the  figure  are  all  forward  bearings,  but  if 
the  survey  is  made  from  A  to  I)  to  C  to  B  io  A,  the  bearings  as  given 
are  bade  bearings.  AsHuming  the  stations  to  have  been  occupied  in  the 
ortler  ABCD,  the  bearing  of  AB  is  8.  30°  K.,  or  back  bearing  is  N.  30° 
W.:  BC  is  N.  60°  E.,  or  back  bearing  is  8.  00°  W.;  CD  is  N.  45°  W., 
or  back  bearing  is  8.  45°  K. ;  DA  is  8.  50°  W.,  or  back  bearing  is  N.  50°  E. 

Note.  In  this  book  when  referring  to  the  bearing  of  any  line,  that  end 
of  the  line  at  which  the  bearing  was  read  will  be  given  first.  Thus  if 
the  bearing  of  a  line  ^fl  real  at  ^  is  8.  3J°  E.,  then  AB-=&.  30°  E. 
and  BA  =  N.  30°  W.,  i.e.,  the  bearing  of  BA  is  the  back  bearing  of  AB. 

156.  Reading  Bearings.  The  method  of  reading  the  needle 
in  a  compass  is  explained  on  page  102. 

157.  The  Bearings  Kept  in  a  Survey  arc  usually  aW  for- 
ward bearings.  It  will  not  do  to  record  forward  bearings  and 
back  bearings  indiscriminately.  While  it  is  true  that  one  can 
always  determine  from  the  needle  whether  the  forward  bearing 
is  N.  or  S.,  nevertheless  one  ca,n  r/iually  do  this  without  con- 
sulting the  needle,  since  after  woiking  in  any  locality  a  short 
time  the  compass-points  are  well  fixed  in  mind. 

Note.  When  puzzlad  in  the  fiel  I  as  to  whether  the  first  letter  or  bearing 
is  N.  or  S.,  imagine  your.*'elf  w;  Iking  along  the  line  in  the  direction  in  which 
the  survey  is  being  made,  and  note  whether  you  are  going  in  a  northerly  or 
southerly  direction;  if  the  line  should  happen  to  be  so  nearly  east  and 
west  that  you  cannot  tell,  then  ask  yourself  if  you  are  going  easterly  or 
westerly.  If,  for  example,  you  know  that  the  bearing  of  a  line  must  be 
either  N.E.  or  S.W.,  you  can  usually  determine  in  this  way  which  of  the 
two  is  the  forward  bearing. 

158.  Calculated  Bearing  is  the  bearing  of  one  line  found 
by  calculation  from  the  bearing  of  another  line,  taking  into 
account  the  horizontal  angle  formed  by  the  two  lines. 

Note.  The  way  in  which  calculated  bearings  are  used  in 
transit  surveying  is  explained  in  the  next  chapter.  The  method 
of  calculating  bearings  is  given  in  the  chapter  on  the  Calcula- 
iion  of  Bearings,  Part  II. 

159.  Things  to  Remember  about  Bearings — Summary. 

1.  The  magnetic  bearing  differs  from  the  true  bearing  by  the 
amount  of  local  magnetic  declination. 

2.  Bearings  are  reckoned  from  either  the  north  or  the  south 
points,  never  from  the  east  or  west. 

3.  Every  bearing  must  be  given  by  two  letters.  The  first 
must  be  either  N.  or  8.,  the  second  either  E.  or  W.  The  omis- 
sion of  either  letter  renders  the  bearing  of  no  value. 

4.  No  bearing  is  over  90°. 
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5.  Every  line  has  two  bearings,  forward  and  back,  equil 
numerically  but  with  opposite  letters. 

6.  The  order  in  which  the  two  ends  of  a  line  are  given  should 
indicate  from  which  end  a  corresponding  bearing  is  taken. 

160.  The  Azimuth  of  a  Line  is  the  angle  which  that  line 
makes  with  a  north-andsouih  line  as  a  Feference-line.  An- 
muths  are  measured  clockwise  from  the  north  as  a  starting- 
point.  Azimuth  differs  from  hearing  in  that  it  is  measured  in 
one  direction  only  (clockwise)  and  from  but  one  point  of  the 
compass  (N.).  A  line  the  azimuth  of  which  is  anywhere  be- 
tween 0°  and  C0°  is  in  the  N.E.  quadrant;  between  90**  and  180" 
in  the  S.E.  quadrant;  between  180°  and  270®  in  the  S.W.  quad- 
rant; between  270°  and  360°  in  the  N.W,  quadrant.  Thus  in 
speaking  of,  or  recording,  azimuths,  the  compas&-points  N.,E., 
S.,  and  W.,  are  not  used,  the  magnitude  of  the  azimuth  alone 
indicating  the  direction  of  the  line — a  decided  advantage. 


(a)  lUustratum.  A  transit  standing  at  T,  Fie.  160  (a), 
Ib  pointed  at  A.  The  angle  NT  A  measured  aodnoim  is 
SIO**,  and  if  NT  is  a  north-and-south  One,  the  asimiith  ci 


Fig.  160  (o). 


TA  is  310**.     If  the  bearing  of  TA  is  required,  it  must  be 
from  the  azimuth,  360- 310  =  N.  50*>  W. 

(h)  The  meaning  of  the  term  azimiUh  as  given 
above  is  a  restricted  one,  but  it  is  the  one  to  be 
everywhere  understood  in  this  book  unless  other- 
>\ise  specified.  ^lany  surveyors  measure  azimuUiB 
from  the  south  as  a  starting-point,  in  which  case 
the  azimuth  of  TA,  Fig.  160  (a),  would  be  130°  instead  of  310**. 

Note.  The  chief  advantage  in  measuring  azimuths  frmn  the  luurth  ]»> 
stead  of  from  the  south  lies  in  the  fact  that  by  so  doing  the  algebraie  aigni 
will  accord  with  the  directions  to  which  the  student  is  aocustomed  in 
trigonometrical  computations.     (See  chapter  on  Latitudes  and  Departwrm.) 

(c)  A   general  definition  of  azimtUK    The  angle   (measured 
clockwise)  which  a  line  makes  with  any  reference->hne.    For  ex- 
ample, in  Fig.  160  (c),  let  BC  be  any  line  of  reference 
no^  a  N .  and  S.  Une.     The  azimuth  of  TA  with  respect 
to  BC  will  be  BTA  if  B  is  the  end  chosen  as  a 
stairting-point,  or  CTA  if  C  is  the  end  from  which 
azimuths  are  reckoned.     For  example,  in  any  sur- 
vey the  first  transit  line  may  be  used  as  a  reference- 
line  for  all  the  other  transit  lines  if  so  desired,  -g^^  j^  ^^^^ 
The  usual  method,  however,  is  to  assume  the  mag- 
netic  north-andnaouth  line  as  a  reference-line,  so  that  the  asi* 
I  nf  J     r  line  oan  be  checked  by  the  compass-needle. 
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Back  azimuth.    Every  line  of  definite  length  has  two  azi- 
,   one   for   each   end   of   the   line, 
in  Fig.  160  [d)^  if  the  azimuth  of 
taken  at  A  it  is  40®,  but  if  taken  at 

220°.  If  the  survey  is  being  made 
I  general  direction  from  A  to  i^, 
0**  is  the  azimuth  and  220°  the  back 
\h, 

hack  azimuth  of  a  line  is  the  azi- 
jf  that  line  measured  at  its  forward 
Since  azimuths  are  measured  always 

direction  (clockwise),  the  back  azimuth  is  always  equal 

azimuJth  plus  180^,    If  this  sum  is  more  than  360°,  sub- 
160°. 

.  Facts  to  Remember  about  Azimuths. 
Bearings  are  measured  from  either  N.  or  S.,  but  azimuths 
m  N.  only  (or  from  S.  only). 

Bearings   are  measured  either   right    or  left,  while  azi- 
are  always  measured  to  the  right  (clockwise). 
Bearings  are  never  over  90°,  but  azimuths  are  from  0° 

• 

In  recording  a  hearing,  two  letters  (compass-points)  are 
jd,  but  in  recording  azimuths  no  letters  are  used. 
The  back  azimuth  is  equal  to  the  forward  azimuth  plus 
ad  vice  versa. 

If  desired,  any  line  of  reference  may  be  used  in  place  of 
ttd  S.  line,  but  the  magnetic  N.  and  S.  line  is  usually  the 
jonvenient  becauss  of  the  check  afforded  by  the  needle. 
The  term  azimuth  does  away  with  all  ambiguity  as  to 
an,  but  since  custom  differs  it  should  be  plainly  stated 
notes  of  a  survey,  once  for  all,  whether  azimuths  are 
•ed  from  N.  or  from  S. 


CHAPTER  Xn 
METHODS  OF  RUNNING  TRANSIT  LIKES  AND  TRAVERSES 

In  this  chapter  four  methods  of  running  transit  lines  are  explained.  The 
theory  of  each  method  is  fldven  without  entering  upon  the  practical  details 
of  the  field  work.  (See  Chapter  XIV  for  ^Id  work.)  In  order  that  the 
different  methods  may  be  compared,  the  advantages  and  disadvantages  of 
each  method  are  stated. 


162.  Transit  Station.  The  point  over  which  the  transit 
stands  when  in  use.  (Usually  a  stake  with  a  tack  in  it  to  mark 
the  exact  point.) 

163.  Transit  Line.  An  imaginary  straight  line  between  two 
transit  stations. 

164.  Transit  Angle.  Any  angle  measured  with  a  transit.  It 
must,  from  the  way  in  which  the  transit  is  constructed,  be  either 
a  horizontal  angle  or  a  vertical  angle.  (See  chapter  on  The  Tran- 
sit, Part  III.)  Unless  otherwise  specified  it  is  usually  under- 
stood to  \ye  a  horizontal  angle. 

165.  The  Transit  Line  a  Line  of  Reference.  Transit  sta- 
tions are  so  chosen  by  the  surveyor  that  the  lines  between  them 
may  be  used  as  reference-lines,  by  which  and  from  which  bound- 
aries, buildings,  streets,  or  whatever  he  may  wish  to  survey  are 
located.  Methods  of  locating  details  of  a  survey  such  as  these 
are  given  in  the  next  chapter. 

Transit  lines,  as  a  rule,  will  not  be  inked  in  on  the  finished 
map,  and  should  be  regarded  merely  as  a  means  to  an  end. 

166.  Running  Transit-lines.  A  term  for  establishing  tran- 
sit stations  and  locating  these  stations  with  respect  to  each 
other.  The  work  usually  consists  in  chaining  distances  between 
successive  transit  stations  and  in  measuring  the  angle  which 
each  transit  line  makes  with  some  other  transit  line,  or  with 
some  reference  meridian. 

Note.  The  field  work  of  a  survey  may  be  di\'ided  into  two  parts:  (1)  run- 
ning transit  lines,  and  (2)  locating  details  from  tho%  transit  lines.  This 
chapter  has  to  do  with  the  first  part  only. 
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167.  Transit-line  Angle.  The  horizontal  angle  between  any 
two  transit  lines  that  meet  at  a  transit  station.  It  may  be 
cither  the  larger  or  smaller  angle  and  each  of  these  angles  may 
be  measured  clockwise  or  counter-clockwise;  in  practice,  there- 
fore, it  is  not  enough  to  note  the  value  of  an  angle,  but  the  backsight 
and  direction  in  which  the  angle  is  measured  must  be  noted  also. 

lUuatration.  In  Fig.  167  let  A,  T,  and  B  represent  the  correct  location  of 
three  transit  stations,  the  transit  standing  at  T.  Suppose  the  notes  giv» 
the  angle  ATB  as  45°  from  a  backsight  on 
At  but  it  is  not  stated  whether  the  angle  is 
measured  to  the  right  or  to  the  left.  If  the 
draft«nan  assumes  that  it  was  taken  to  the 
left,  plotting  45°  he  will  get  a  line  TC  instead 
of  the  line  TB. 

Again,  suppose  that  the  notes  say  that  the 
angle  of  45°  was  taken  to  the  right,  but  it 
is  not  stated  whether  A  or  B  is  the  oackaight. 
Should  the  draftsman  assume  that  B  was  the 
backsight,  plotting  45°  to  the  right  he  would 
get  a  line  TD  instead  of  the  line  TA, 

The  notes,  therefore,  must  not  admit  of  ambiguity  in  respect  to 
the  backsight,  or  to  the  direction  {right  or  left)  in  which  an  angle 
is  taken, 

168.  Deflection  Angle.  The  angle  which  a  line  makes  with 
a  transit  line  produced  from  the  preceding  station.  Deflection 
angles  are  measured  to  the  right  or  to  the  left,  hence  the  direc- 
tion should  always  be  entered  in  the  notes. 

Illustration.  ^  A  transit  stands  at  C,  Fig.  168; 
the  backsight  is  at  ^1;  the  telescope  is  plunged 
after  backsighting,  and  then  points  at  E.  If 
turned  to  the  right,  any  deflection  angle,  as  ECD, 
may  be  measured  to  the  right;  if  turned  the 
other  way,  any  deflection  angle  to  the  left  may 
be  measured,  as  BCB.  When  deflection  angles 
are  used  at  all,  it  is  customary  to  measure  each 
deflection  angle  to  the  right  or  to  the  left,  accord- 
ing to  which  side  of  the  line  the  point  sighted 
at  lies. 


Ap 


Fig.  168. 


169.  A  System  of  Transit  Lines.  Two  or  more  transit 
lines  so  chosen  and  connected  as  to  form  the  basis  of  a  survey. 
The  transit  lines  are  connected  by  the  angles  which  they  make 
with  each  other  at  transit  stations.  The  distances  between  the 
stations  must  also  be  known. 


Illustration.  The  system  may  form  a  closed  polygon,  as  in  Figs.  A  and 
B,  or  a  series  of  lines  which  do  not  close,  as  in  Figs  C  and  D,  or  a  network 
of  lines,  as  in  Fig.  £!,  p.  1 18. 

1 70.  Traverse.  A  term  almost  synonymous  with  a  system 
of  transit  lines,  but  somewhat  broader  and  more  coniprehen- 
aive  in  its  meaning.     For  example,  "running  a  tta.v^T^^"  \^*\Wv 
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a  transit,  a  compass,  or  a  plane  table  means  to  run  out  a  aerieB 
of  connected  lines,  locating  the  stations  with  respect  to  each 
other  by  a  combination  of  linear  and  angular  measuremiiMits. 
The  term  may  have  been  borrowed  from  navigation,  where  its 
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Fia.  169. 

nautical  meaning  is  the  zigzag  line  described  by  a  ship  when 
saihng  on  different  courses.  When  a  traverse  comes  back  to 
the  starting-point  it  is  a  closed  traverse, 

171.  Triangulation.  A  network  of  connected  triangles,  in 
which  the  angles  are  measured,  but  not  the  sides.  The  latter 
are  found  by  trigonometrical  calculation,  starting  from  some 
measured  base-line.  (See  Chapter  XVI.)  The  distinction  be- 
tween traverse  and  triangulation  lies  in  the  fact  that  the  latter 
term  implies  the  measurement  of  angles  only. 

172.  The  Transit-line  Angles — Right  or  Left.  A^aglesmay 
be  measured  all  to  the  right  from  a  backsight  on  the  preced- 
ing station,  as  in  Figs.  A,  B,  and  D,  or  all  to  the  left,  as  in 
two  of  the  polygons  in  Fig.  E,  or  right  and  left  indiscrimi- 
nately, as  in  Fig.  C.  (In  Fig.  169  the  direction  in  which  the 
angles  were  measured  is  indicated  by  arrows;  R  in.  &  polygon 
means  that  all  angles  in  that  polygon  were  measured  to  the 
right;  L  means  that  all  angles  were  measured  to  the  left.)  For 
beginners,  at  least,  it  is  better  to  measure  all  angles  to  the  right. 

173.  Transit-line  Angles — Interior  and  Exterior.  It  is 
usually  more  convenient,  but  by  no  means  necessary,  to  measure 
the  interior  angles  of  a  polygon  instead  of  the  exterior.  To 
do  this  when  air  angles  are  measured  to  the  right,  go  around 
the  polygon  counter-clockwise  (leave  the  polygon  on  the  left), 
as  in  Fig.  A,  The  other  direction  (Fig  B)  gives  the  exterior 
angles. 

174.  A  Survey  Closes  whei  the  transit  lines  form  a  closed 
polygon,  as  in  Figs.  Ay  B,  and  E.    In  farm  and  city  surveys 
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transit  Unos  usually  close,  but  in  railway  or  highway  work  they 
seldom  do. 

1^5.  Closing  Check  on  Transit-line  Angles.  From  twice 
the  number  of  sides  of  a  polygon  subtract  four,  and  multiply 
the  result  by  90°.  The  final  result  is  the  sum  of  the  interior 
angles. 

lUustration.  Triangle:  (2X3-4)X90°  =  180*>.  Four-sided:  (2X4-4) 
X90«=360'».  Five-sided:  (2X5-4)X»0*>  =  540*>.  Six-sided:  (2X6-4) 
X90*»  =  72D**.  Algebraically:  If  JV  =  number  of  sides,  jS  =  sum  of  the 
interior  angles,  then  iS  =  (2.V - 4)  X 90". 

176.  Ths  Error  of  Closure — ^Transit  Lines.  In  any  poly- 
gon of  transit  lines  the  location  of  each  station  with  respect  to 
any  other  station  can  be  calculated  from  the  angles  and  dis- 
tances measured  in  the  field.  If  the  position  of  any  station  is 
assumed  as  a  starting-point,  and  then  following  around  the 
polygon,  the  position  of  this  same  station  is  found  by  calcula- 
tion; the  difference  between  the  assumed  position  and  the  cal- 
culated position  is  the  error  of  closure.  This  error  may  be  due 
to:  (1)  errors  in  measuring  transit-line  angles;  (2)  errors  in 
measuring  the  lengths  of  transit-lines.  In  practice  a  s  irvey 
seldom  closes  exactly,  due  to  error  from  both  sources.  The 
permissible  error  of  closure  is  treated  in  Chapter  XIV  on  Field 
Work. 

177.  The  Methods  of  Running  Transit  Lines  most  used 
dififer  only  in  the  method  of  measuring  and  recording  the  tran- 
sit-line angles;  the  methods  for  linear  measurements  are  the 
same,  i.e.,  chaining  or  measuring  with  the  stadia.  The  four 
methods  given  in  the  succeeding  articles  of  this  chapter  may 
be  divided  into  two  groups: 

-  f  Hunniny  transit  lines  by  direct  angles. 
I  Runnitj  transit  lines  by  deflection  angles. 

--  /  Ruinitj  tra:isit  lines  by  azimuths. 
\  Runninj  transit  lines  by  bearings. 

In  the  first  group  the  angles  measured  are  those  which  the 
transit  lines  make  with  each  other. 

In  the  second  group  some  line  of  reference,  for  example, 
a  north-and-south  line)  is  established  for  the  entire  survey,  and 
the  angles  measured  are  those  which  the  different  lines  make 
with  lines  parallel  to  this  line  of  reference. 
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FIRST   METHOD. 

178.  Running  Transit  Lines  by  Angeles.  This  method 
consists  simply  in  measuring  each  angle  directly  from  a  back- 
sight on  a  preceding  station.  If  desired, 
the  angle  can  be  doubled,  tripled,  or  le- 
peated  any  number  of  times.  The 
lengths  of  the  sides  may  be  measured 
with  a  chain,  a  tape,  or  the  stadia.  Ihe 
method  may  be  used  whether  the  tran- 

"^j^    "^"^        sit  lines  form  a  closed  polygon  or  not. 
Fig.  178.  On  the  whole  it  is  better  in  this  method 

to  take  all  angles  clockwise. 

lUustmtion.  In  Fig.  178  each  interior  angle  was  measured  to  the  right 
(clockwise)  from  a  back.sight  on  the  preceding  station.  If  more  conven- 
ient, the  exterior  angles  could  have  been  measure<I.     (Art.  173.) 

Field  Notes.  Some  of  the  forms  of  field  notes  used  for  this  method  are 
given  in  Chapter  XV. 

Remark.  Triangulation  is  a  special  case  of  the  angle  method  <^  running 
transit  lines. 

SECOND   METHOD. 

179.  Running  Transit  Lines  by  Deflection  Angles.     A 

modification  of  the  angle  method  esRocially  applicable  to  tran- 
sit lines  which  do  not  close,  but  progress  more  or  less  in  one 
general  direction.  Instead  of  measuring  the  angle  directly  from 
the  backsight,  the  telescope  is  plunged  and  the  deflection  angle 
(see  Art.  168)  is  then  measured  right  or  left.     (Fig.  179.) 


* 
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Fig.  179. 

Field  Xotes.     Some  of  the  forms  of  field  notes  used  for  re- 
cording deflection  angles  are  given  in  Chapter  XV. 

THIRD    METHOD. 

180.  Running  Transit  Lines  by  Azimuths.*    It  will  be 

assumed  in  this  explanation  that  the  azimuth  of  each  line  is 

♦  In  most  books  on  surv'eying  this  method  is  calla'i  traverHng.     Am  v/VMHy 

defined  this  term  includes  not  only  the  azimuth  method,  but  the  quadruit 

method  also.     Moreover,  the  term  traversing  Cor  traverse  surveying*  oi 
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measured  from  the  north  end  of  a  magnetic  north-and-south 
Ime.  The  method  holds  good,  however,  no  matter  what  line 
is  chosen  as  a  reference-line.  Keep  clearly  in  mind  what  is 
meant  by  azimuth  and  back  azimuth.  (See  Arts.  160-161,  pp. 
114-115.) 

(a)  In  the  azimuth  method  the  main  thing  to  remember  is 
simply  this:  At  whatever  station  the  transit  may  stand,  w?ten 
the  telescope  is  pointed  north  the  vernier  reading  must  be  zero. 
This  is  not  accomplished  by  the  use  of  the  compass-needle 
except  at  the  first  set-up;  on  the  contrary,  the  needle  is  con- 
sulted only  as  a  rough  check  at  all  stations  except  the  first. 

There  are  two  azimuth  methods.  In  one  the  telescope  is 
inverted  when  taking  a  backsight,  and  is  normal  when  taking  a 
foresight;  in  the  other  method  the  telescope  is  always  normal. 
The  essential  difference  between  the  two  is  that  in  the  first 
method  no  setting  of  the  vernier  is  required  after  the  first  set- 
up, while  in  the  second  method  the  vernier  is  set  anew  at  each 
station. 

(b)  First  Method.  Let  the  first  set-up  of  the  transit  be  at 
station  A  (Fig.  180  (6)).  With  plates  clamped  at  zero,  point 
the  telescope  to  the  magnetic  north  as  indicated  by  the  needle. 
This  is  equivalent  to  backsighting  on  the 

magnetic  north,  but  this  first  station  is  the 
only  one  at  which  the  needle  is  consulted 
except  as  a  check.  Set  the  lower  clamp  as 
usual  for  a  backsight,  and  loosening  the 
upper  clamp,  sight  on  B.  Suppose  the 
vernier  now  reads  50°,  then  this  angle, 
taken  clockwise  from  the  magnetic  north, 
must  be  the  azimuth  of  AB.  Allow  the  ver- 
nier to  remain  clamped  at  50°.  Setting  up 
at  B,  plunge  the  telescope  and  backsight 
on  A,     Having  backsighted,  plunge  the 

telescop>e  again;  it  now  becomes  normal  and  points  in  the  direc- 
tion of  AB  produced  along  the  line  BP.  If.  the  azimuth  of  AB 
is  50°,  the  azimuth  of  BP  must  also  be  50°,  and  since  the  ver- 


running  a  traverse)  is  used  by  many  surveyors  to  indicate  any  one  of  the 
four  methods  of  running  comparativ^ely  short  lines  where  angles  and  dis- 
tances are  both  measured,  contrasted,  for  example,  with  triangulation. 
This  accords  with  the  definition  of  traverse  as  given  on  page  117.  To  avoid 
all  ambiguity,  however,  the  method  explained  in  Art.  180  will  be  called 
the  azimv^  method. 
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nier  has  not  been  disturbed,  it  reads  50®  just  as  it  did  when 
the  transit  stood  at  A  and  the  telescope  pointed  at  B.  If  now 
the  telescope  is  pointed  north,  the  vernier  reading  will  be  sero, 
and  if  it  is  pointed  to  any  other  station,  the  vernier  reading  will 
be  the  azimuth  of  the  line  from  station  B  to  that  station. 

(c)  lUuatration.  (Fig.  180  (&).)  Set  up  the  transit  at  A.  and  backai^t 
on  the  magnetic  north  with  the  vernier  at  zero.  Foresight  oo  B,  the  ver- 
nier reading  will  be  50**.  or  the  azimtUh  of  AB.  Without  disturbing  the 
vernier  set  up  at  B,  backsight  on  A  with  inverted  telescope,  plun^  the  teto- 
9cope  (it  now  becomes  normal  again,  the  vernier  still  reaoing  50^),  and 
foresight  on  C  The  vernier  will  read  190°,  or  the  azimuth  oisC.  Allow 
the  vernier  to  remain  clamped  at  190,  set-up  at  C,  invert  the  telescope, 
backsight  on  B,  plunge  the  telescope  and  sight  on  the  next  station.  Tl^us 
the  process  can  be  repeated  for  any  number  of  stations. 

Note.  Usually  there  are  azimuths  to  other  points  beside  transit  sta- 
tions which  must  be  taken  at  each  set-up ;  if  so,  then  the  last  sight  before 
leaving  a  station  must  be  on  the  next  station,  thus  automaticEuIy  setting 
the  vernier  for  the  next  set-up. 

(d)  Second  Method.  In  this  method  the  telescope  is  noi  in- 
verted for  the  backsight,  but  instead  the  vernier  is  set  anew  at 
each  station  so  that  its  reading  wall  be  the  azimuth  of  the  back- 
sight. The  azimuth  of  the  backsight  is  equal 
to  the  back  azimuth  of  the  foresight  as  taken 
at  the  preceding  station,  i.e.,  add  180®  to  the 
azimuth  already  recorded.  For  example,  if 
Uie  transit  stands  at  B  (Fig.  180  (d),  before 
backsighting  on  A  the  vernier  is  set  so  that 
the  reading  is  the  back  azimuth  of  AB,  or  230** 
(obtained  by  adding  180°  to  50®).  If,  there- 
fore, the  vernier  is  set  at  230®  and  a  back- 
sight  taken  to  A,  upon  turning  back  to  zero 
the  telescope  will  point  north.     Moreover,  if 

a  foresight  is  taken  to  any  other  point,  as  C,  the  reading  of  the 
vernier  will  be  the  azimuth  of  the  line  from  the  transit  to  that 
point,  or  the  azimuth  of  BC. 

Illustration.  In  Fig.  180  (d)  the  transit  is  set  up  at  A  and  the  asimuth 
of  AB  obtained  exactly  as  in  the  first  method.  Set  up  at  B,  set  the  ver^ 
nier  at  23J°  (50° +  180°),  backsight  on  A,  foresight  on  C  the  new  reading 
will  be  190°,  or  the  azimuth  of  BC.  Set  up  at  C,  set  the  vernier  at  190**+ 
180°  (i.e.,  10°),  backsight  on  B  anJ  foresight  on  the  next  station.  Thus 
the  process  is  repeated  at  each  succeeding  station.  The  telescope  is  always 
normal,  never  inverted  for  backsight  or  foresight. 

181.  Outline  of  the  Two  Azimuth  Methods. 

In  both  methods  the  azimuth  of  the  first  transit  line  is  estab- 
lished in  exactly  the  same  manner  by  the  use  of  the  magnetic 
needle.     There  are  two  other  ways  of  getting  this  first  azimuth 
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(explained  in  Arts.  185  and  186),  which  can  be  used  with  either 
method.  The  difference  between  the  two  methods  of  travers- 
ing is  simply  one  in  orienHng  the  transit.     (Art.  187.) 


First  Method 

1.  Vernier  is  left  clamped  at 

the   forward   azimuth   of 
the  preceding  line. 

2.  Telescope  is  inverted  before 

backsighting. 

3.  Telescope  is  plunged  after 

backsighting. 


Second  Method 

1.  Vernier  is  reset  at  the  for- 

ward azimuth  of  the  pre- 
ceding line  plus  180°. 

2.  Telescope    remains    normal 

when  backsighting. 

3.  Foresight  is  taken  without 

plunging. 


In  both  methods  the  azimuth  can  be  read  directly  from  the 
vernier,-  whether  in  turning  off  the  angle  the  telescope  is  moved 
to  the  right  or  to  the  left.  Transits  should  be  graduated  from  0^ 
to  360**,  preferably  in  one  direction  only,  to  correspond  to  angles 
taken  to  the  right,  or  clockwise. 

Field  Notes.  Some  of  the  forms  of  field  notes  used  for  the 
azimuth  method  are  given  in  Chapter  XV. 

182.  When  Azimuths  and  Magnetic  Bearings  Disagree. 
The  back  bearing  of  the  first  line  should  be  read  at  the  second 
station.  If  it  agrees  with  the  forward  bearing  as  taken  at  the 
first  station,  it  may  be  assumed  that  there  is  no  local  attrac- 
tion at  either  place.  If  the  two  bearings  disagree,  it  is  necessary, 
before  proceeding  with  the  survey,  to  establish  some  transit 
line  the  back  bearing  of  which  agre3s  with  its  forward  bearing. 
Having  done  this,  a  new  start  may  be  made  from  either  end 
of  the  line,  sinqe  in  all  probability  the  azimuth  of  the  line  taken 
at  either  end  will  be  correct.  Thereafter  should  the  azimuth 
of  any  transit  line  disagree  with  the  magnetic  bearing  and  no 
mistak3  bs  found  in  the  azimuth,  local  attraction  may  be  as- 
sumed as  the  cause.  It  often  happens  that  such  a  disagree- 
ment will  occur  for  several  successive  transit  lines,  but  should 
bearings  and  azimuths  continue  to  differ  by  about  the  same 
amount  the  original  azimuth  upon  which  all  others  depend  is 
probably  incorrect.  If  the  magnetic  needle  is  to  be  used  as  a 
check  throughout  the  survey,  it  is  obviously  important  that 
the  original  azimuth  should  be  as  nearly  correct  as  possible. 
Herein  lies  the  advantage  of  starting  from  a  true  north-and- 
south  meridian  established  by  observation,  and  in  extended 
surveys  this  is  often  the  method  used.     (See  AltV..  \%^r^ 
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183.  Comparison  of  the  Two  Azimuth  Methods. 

Ths  first  method  has  no  disadvantages  as  compared  with  the 
second  method  except  such  as  arisa  from  plang^ing  the  tele- 
scope. If,  for  example,  the  line  of  collimation  is  badly  out 
of  adjustment,  an  error  is  introduced  each  time  the  telescope 
is  reversed.  The  advantage  of  this  method  over  every  other 
method  of  running  transit  lines  is  that  after  the  first  set-up  it 
is  not  necessary  (or  desirable)  to  set  the  vernier,  since  the  fore- 
sight on  each  station  automatically  sets  the  vernier  for  that 
station.  Thus  the  error  which  is  so  apt  to  occur  in  setting  the 
vernier  is  eliminated.     (For  disadvantages  see  Art.  190,  III.) 

The  second  method  is  used  when  for  any  reason  it  is  not  best 
to  plunge  the  telescope,  or  when,  as  on  the  theodolite,  the  tele- 
scope cannot  be  plunged.  A  disadvantage  as  compared  with 
the  first  method  is  that  the  vernier  must  be  set  anew  at  each 
station. 

184.  Checking  Azimuths  by  the  Magnetic  Needle. 
Any  azimuth  may  be  easily  reduced  to  a  bearing.  (See  chapter 
on  Calculation  of  Bearings,  Part  II.)  If,  therefore,  the  magnetic 
north-and-south  line  is  taken  as  the  reference-line  for  a  survey, 
the  azimuth  of  any  line  may  \^e  roughly  checked  by  glrncin^ 
at  the  needle  while  the  telescope  is  still  pointing  along  thw  line 
and  mentally  noting  whether  or  not  the  azimuth  and  bearing 
agree. 

185.  A  True  North-and-south  Line  as  a  Reference  Me- 
ridian is  often  used  in  place  of  a  magnetic  north-and-south 
line.  In  that  case  the  azimuths  are  more  readily  checked  by 
the  needle  if  the  compass-box  is  adjusted  so  that  when  the 
telescope  is  pointed  to  the  true  north  the  needle  will  point  to 
the  N.  of  the  compass-box.  If  the  declination  is  known,  this 
may  be  accomplished  by  turning  off  the  declination  arc,  using 
the  vernier  inside  the  compass-box;  otherwise  a  true  meridian 
must  be  established  by  an  observation  on  the  North  Star  or  by 
some  other  method. 

Notice  that  after  the  declination  arc  is  turned  off  the  N.  of  the  o<Mnpaiu(- 
box  is  no  longer  exactly  underneath  the  axis  of  the  telescope.  In  many 
transits  no  provision  is  made  for  turning  off  the  declination  arc. 

The  advantage  of  starting  from  a  true  meridian  established  by  observa- 
tion is  explained  in  Art.  182.  In  ordinary  survejrs  of  small  extent,Jiow> 
ever,  there  is  usually  no  time  for  establishing  such  a  meridian. 

186.  Any  Reference  Alertdian  may  be  Used  instead  of  a 
north-and-south  line,  provided  no  use  is  to  be  made  of  bearings 

For  example,  the  line  between  the  ftrst  two  stations  may  be 
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ssumed  as  a  reference  meridian  (zero  azimuth);  the  azimuth 
f  each  transit  line  is  then  reckoned  from  a  Hne  parallel  to  the 
ret  transit  line.  (In  that  case  the  meaning  of  azimuth  is  that 
iven  in  Art.  160  (c),  p.  114.) 

In  this  method  the  transit  lines  are  all  located  with  respect 
'  each  otfieTf  which  is  often  all  that  is  necessary,  but  the  needle 
mnot  easily  be  used  for  checking  azimuths,  and  this  is  a  dis- 
Ivantage. 

187.  Orienting  the  Transit.  In  running  lines  by  azimuths, 
le  first  step  after  setting  up  the  transit  at  any  station  is  to 
3t  the  graduated  plate  into  such  a  position  that  when  the  ver- 
ier  reading  is  zero  the  line  of  sight  will  be  parallel  to  the  reference 
leridian.     This  is  called  orienting  the  transit. 

lUtutrcUton.  If  the  reference  meridian  is  a  north-and  south  line,  orienting 
e  transit  results  in  the  telescope  pointing  north  (when  the  vernier  reading 

zero  and  the  telescojje  is  normal).  In  the  first  metho<l  this  is  accom- 
lished  by  backsighting  with  inverted  telescope  and.then  plunging;  in  the 
icond  method  by  setting  the  vernier  at  the  back  azimuth  and  backsighting. 


FOURTH   METHOD, 

188.  Running  Transit  Lines  by  Bearings.  This  method 
essentially  the  same  as  the  azimuth  method  except  that 
nrings  instead  of  azimuths  are  read  directly  from  the  transit, 
or  this  purpose  the  graduations  on  the  limb  should  be  num- 
3red  from  0®  to  90°  to  correspond  to  quadrants  of  bearing  in 
le  compass.     (See  page  75.) 

When  the  plates  are  left  clamped  at  the  forward  bearing  of  a 
ansit  line,  the  transit  is  oriented  at  the  next  station  by  back- 
;hting  with  inverted  telescope  and  then  plunging;  otherwise 
is  oriented  by  setting  the  vernier  at  the  hack  bearing  and 
en  backsighting.  (The  two  methods  of  orienting  correspond 
those  used  for  azimuths.) 

Either  a  true  north-and-south  line  or  a  magnetic  north-and- 
uth  line  may  be  taken  as  a  reference  meridian.  If  the  former 
used,  it  is  convenient  to  turn  off  the  declination  arc  (see  Art. 
^5)  so  that  bearings  read  from  the  limb  may  be  checked  by 
e  needle  without  thinking  of  the  magnetic  declination. 

« 

Note,     The  two  zeroes  on  the  limb  (180®  apart)  may  be  called  the  north 
ro  and  the  south  zero;   the  one  with  which  the  zero  of  the  vernier  coincides 
len  the  telescope  points  north  {the  transit  having  been  oriented)  is  the  north. 
•o.     (Why,  in  most  cases,  will  this  zero  really  be  nearer  ^\ie  aoutH  ^T^<i  ^A 
telescope  pointed  north?) 
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lUustraiion.  In  Fig.  180  (d),  if  the  transit  is  oriented  at  Sta.  B  and  ii 
then  pointed  to  Sta.  C,  the  vernier  reading  will  be  10^,  and'sinoe  the  vemkff 
zero  18  to  the  left  of  the  S.  zero  on  the  limb,  the  beannc  oi  BC  is  8.  10"  W. 
(Draw  a  sketch  showing  the  relative  position  of  the  telescope,  the  N.  and 
S.  zeroes  on  the  limb,  and  the  vernier  zero.     (See  page  102.) 

Cavtion.  In  reading;  bearings,  it  is  evident  that  an  error  of  180^  will  be 
iutroduced  by  mistaking  the  north  zero  for  the  south  zero  or  vice  vena. 
Thus  in  the  illustration  a  common  mistake  would  be  to  read  N.  10^  E. 
instead  of  8.  10*>  W.     . 

Note.  Precautions  should  be  taken  to  eliminate  error  due  to  local  attrac- 
tion in  the  bearing  of  the  first  line.     (See  Art.  182.) 

A  true  north-and-south  line  may  be  established  by  observation  if  desired, 
and  used  as  a  reference  meridian  for  bearings. 

Field  Notes  for  this  method  are  similar  to  those  used  witb 
azimuths,  except  that  care  must  be  taken  to  designate  in  wfaidi 
quadrant  of  bearing  each  line  lies,  i.e.,  to  give  its  forward,  bear- 
ing. 

189.  Running  Transit  Lines  by  Angles  and  Calculated 
Bearings.  This  can  hardly  be  called  a  separate  method 
Transit  lines  are  run  exactly  as  in  Method  I  or  Method  II,  but 
in  addition  th3  bearing  of  each  line  is  ccdculated  instead  oi 
being  read  directly  from  the  trans^'t  as  in  Method  IV.  Th( 
bearing  of  the  iirst  transit  line  is  obtained  from  the  needle,  the 
angb  which  that  line  makes  with  the  second  transit  line  ii 
measured,  and  the  calculated  bearing  of  the  second  line  founc 
by  the  method  explained  in  the  chapter  on  Calculation  of  Bear- 
iigs,  Part  II.  Thereafter  the  bearing  of  each  transit  line  ii 
computed  from  the  calculated  (not  the  magnetic)  bearing  ol 
the  preceding  transit  line,  and  is  e:itirely  independent  of  the 
magaetic  bearing.  Since,  however,  the  first  bearing  calculatec 
(i.e.,  the  calculated  bearing  of  the  second  transit  line)  was  ob 
tained  from  the  magnetic  bearing  of  the  first  transit  line,  al 
other  calculated  bearings  should  agree  approximately  with  th< 
corresponding  magnetic  bearings,  and  hence  any  large  error  ii 
a  transit-line  angle  may  be  detected.  The  check  thus  affordec 
is  a  valuable  one,  especially  in  running  the  transit  lines  of  t 
survey  which  does  not  close,  provided,  of  course,  that  the  needk 
is  not  continually  affected  by  local  attraction. 

Remark.  If  the  cause  of  local  attraction  is  not  about  the  person  o(  the 
observer,  but  remains  stationary,  an  angle  can  Rtill  be  checked  by  the  necKJle 
provided  two  readings  are  taken  at  the  station  where  the  transit  stands, 
one  the  back  bearing  of  the  preceding  line,  the  other  the  forward  beariof 
of  the  line  ahead. 

Note.     Precautions  to  eliminate  errors  due  to  local  attraction  should  be 

taken  in  assuming  the  bearing  of  the  first  line  in  order  to  use  the  needk 

throughout  the  survey  as  a  rough  check. 

(a)  niustration.     The  bearing  of  AB,  Fig.  189  (o),  as  read  at  4  is  N.  20* 

E.     The  back  bearing,  read  at  B,  is  S.  23°  W.-,  beuce  N.  20*'  £.  is  assumed 
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as  correct.     The  angles  at  B,  C,  and  D  are  indicated  on  the  figure.     The 
calculated  bearings  of  the  different  lines  are 
also  indicated. 

Using  the  method  explained  in  Part  II  the 
calculation  is  as  follows:  #  x^ 

AB  =  N.  20'»  E.  +  (S.W.)  ck, 


BC  =  S.  40**  E.- 
BCD^      30«»      - 


CD  =  S.  70"  E.-  (N.W.) 
CDE=     100        + 


♦ 


Fig.  189  (o). 


Z>£?  =  N.  30    E.+ 

Notice  that  since  the  angle  BCD  — 30°  is  a  deflection  anele,  the  forward 
bearing  of  BC  is  used  instead  of  the  back  bearing,  i.e.,  the  letters  S.E.  are 
not  changed  to  N.W.  before  adding  30°  algebraically. 

For  other  examoles  of  the  calculation  of  bearings  see  the  chapter  on 
Calculation  of  Bearinqa,  Part  II. 

Note.  In  extended  surves^s  a  true  north-and-south  line  is  often  estab- 
lished by  observation,  and  the  bearing  of  the  first  transit  line  is  then  cal- 
culated from  the  angle  which  it  makes  with  the  Une  thus  estabUshed. 
See,  for  example,  line  yV  in  the  sketch  of  transit  hnes  (p.  390). 

(6)  Check  for  a  closed  polygon.  The  bearing  of  the  first  line 
assumed  from  the  needle  reading  is  sometimes  called  a  calcu- 
lated bearing,  and  hence  it  may  be  said  that  the.  calculated 
and  magnetic  bearings  are  exactly  the  same  for  the  first  line, 
although  this  is  not  likely  to  be  true  of  other  lines.  If  the 
transit  lines  form  a  closed  polygon,  a  second  calculated  bearing 
may  be  obtained  for  the  first  line  from  the  calculated  bearing 
of  the  last  side  and  the  closing  angle.  The  discrepancy  between 
the  assumed  bearing  of  the  first  line  and  the  final  calculated 
bearing  as  thus  obtained  is  equal  to  the  total  error  in  the  sum  of 
the  interior  angles,  as  found  by  the  check  of  Art.  175,  p.  119. 

Ilhi9tration.  The  assumed  bearing  of  the  first  side  of  a  triangle  is  N.  30°  E. 
The  calculated  bearing  of  the  same  side  found  by  following  around  the  tri- 
angle is  N.  30°  1'  E.  This  indicates  that  there  is  an  error  otl'  in  the  sum  of 
the  interior  angles.  In  a  similar  way  the  sum  of  the  interior  angles  of  any 
polygon  may  be  checked  no  matter  how  many  sides  it  has. 

Field  Notes.  Some  of  the  forms  of  field  notes  used  with  this 
method  will  be  found  in  Chapter  XV. 

190.  Methods    of    Running    Transit    Lines    Compared. 

Use  the  method  best  adapted  to  the  work  in  hand.  There  is 
not  much  difference  between  the  methods  in  the  time  required 
for  field  work. 

I.  Method  by  Directt  Angles.  Used  in  all  kinds  of  work, 
but  especially  in  small  surveys  where  there  are  but  few  transit 
lines  and  where  the  survey  closes. 

AdvarUoges.     (1 )  Angles  at  any  station  may  be  measwi^d  Vs^ 
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repetition  or  by  series,  a  decided  advantage  in  accurate  work. 

(2)  Stations  may  be  occupied  in  any  order.  (3)  The  angle  at 
one  station  is  not  afifected  by  the  angle  measured  at  a  pre- 
ceding station. 

Disadvantages.  (1)  Angles  in  order  to  be  checked  by  the 
needle  must  be  reduced  to  calculated  bearings.  (2)  A  distinc- 
tion must  be  made  in  the  field  notes  between  right  and  left 
angles  unless  all  angles  are  taken  in  one  direction  (clockwise). 

(3)  It  must  be  made  plain  in  the  field  notes  which  station  was 
used  as  a  backsight  for  each  angle.  (4)  The  vernier  must  be 
set  anew  at  each  station. 

II.  Method  by  Deflection  Angles.  Used  chiefly  in  rail- 
way and  highway  work, — adapted  to  surveys  in  which  each 
transit  line  makes  a  small  angle  (less  than  90**)  with  the  pre- 
ceding transit  line  produced.     Used  in  running  in  curves. 

Advantajes  awl  disadvantages  are  practically  the  same  as  for 
the  preceding  method.  Railroad  curves  are  usually  laid  out  by 
means  of  deflection  angles  and  hence  the  method  is  used  in 
nearly  all  railroad  surveying.  For  other  kinds  of  work,  how- 
ever, the  advantages  of  the  method  are  often  overestimated. 
(1)  Unless  each  angle  is  doubled  it  involves  practically  every 
error  in  the  adjustment  of  the  transit,  especially  the  error 
caused  by  plunging  the  telescope  when  the  line  of  sight  is  not 
perpendicular  to  the  supporting  axis;  in  the  preceding  method 
this  error  is  not  involved.  (2)  It  is  necessary  to  take  angles 
right  or  left,  a  common  source  of  mistakes  in  note-keeping, 
while  in  the  preceding  method  this  can  be  avoided  by  taking 
all  angles  clock  vise.  Deflection  angles  never  exceed  180°,  and 
this  is  of  some  advantage  in  plotting  but  even  this  advantage 
is  very  slight,  and  it  is  always  doubtful  policy  to  save  office 
work  at  the  expense  of  field  work. 

III.  Running  Transit  Lines  by  Azimuths.    Almost  always 
\ised  in  stadia  surveying  and  for  certain  forms  of  topographic 
work.     It  can  often  be  used  to  advantage  in  railway  and  high- 
way *work.     The  method  is  a  valuable  one  and  should  be  used 
j>erhaps,  even  more  than  it  is. 

Advantages.  (1)  The  needle  is  a  constant  check  on  the  asi- 
muth  of  each  line.  (2)  The  method  avoids  nearly  all  the  dis- 
advantages given  for  the  two  preceding  methods,  i.e.,  it  is  not 
necessary  to  enter  the  backsight  in  the  field  notes,  or  to  make 
a  distinction  between  right  and  left  angles  or  to  set  the  vernier 
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anew  at  each  station.  (3)  The  azunuth  gives  the  bearing 
without  using  the  letters  that  correspond  to  the  compass- 
points.  (4)  Field  notes  are  usually  simple,  definite,  and  easily 
plotted. 

DtsadvarUages,  (1)  The  method  does  not  lend  itself  readily 
to  measuring  angles  by  repetition  or  by  series.  (2)  Each  sta* 
tion  must  be  occupied  in  order  without  skipping  any.  This  may 
be  a  serious  disadvantage  if  for  any  reason  it  is  impossible  or 
undesirable  to  set  up  over  a  transit  station  at  any  given  time. 
(3)  A  mistake  in  the  azimuth  of  one  line  affects  the  azimuths 
of  all  succeeding  lines.  This  does  not  mean,  however,  that  all 
the  work  is  lost,  for  the  azimuth  of  each  succeeding  line  is 
aTected  by  the  same  amount,  and  though  these  succeeding  lines 
are  all  wrong  with  respect  to  the  reference  meridian  of  the  sur- 
V3y,  they  may  still  be  correctly  located  with  respect  to  each 
other.  If  the  mistaka  is  discovered,  the  notes  are  easily  changed 
b/  applying  the  correction  to  each  succeeding  line,  though  if 
t".i3re  are  many  side  shots  this  may  cause  considerable  extra 
work.  (4)  If  local  attraction  exists  for  any  considerable  num- 
ber of  stations,  the  advantages  of  checking  azimuths  by  the 
needle  is  lost.  (5)  In  the  first  method  of  running  azimuths, 
plunging  the  telescope  involves  the  same  error  in  the  adjust- 
ment of  the  line  of  sight  that  is  involved  in  the  deflection-angle 
msthod. 

IV.  Running  Transit  Lines  by  Bearings.  This  method, 
probably  a  survival  of  the  compass-survey  method,  is  little 
used  at  present. 

Advantages.  It  has  no  advantage  over  the  preceding  method 
except,  possibly,  a  slight  advantage  in  checking  lines  by  the 
needle,  while  it  has  all  its  disadvantages  and  in  addition:  (1)  A 
special  numbering  of  the  graduations  on  the  limb  (0°  to  90°)  is 
called  for;  (2)  Likelihood  of  mistaking  the  north  zero  for  the 
south  zero,  or  vice  versa;  (3)  Letters  corresponding  to  com- 
pass-points must  be  used. 

V.  Calculated  Bearings  when  used  in  connection  with 
either  of  the  first  two  methods  serve  as  an  excellent  check  on 
the  transit-line  angles,  provided  local  attraction  does  not  exist. 
While  mistakes  of  less  than  15  minutes  are  not  detected  by  the 
use  of  the  needle,  nevertheless  in  a  survey  which  does  not 
dose  there  is  no  other  check  unless  angles  are  measured  by 
repetition. 
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VI.  Measuring  Angles  by  Repetition.  Many  surveyors, 
when  running  transit  lines  by  either  of  the  first  two  methods, 
believe  in  doubling  all  transit-line  angles,  if  for  no  other  reason 
than  to  guard  against  error.  It  requires  more  time  in  the  field, 
but  often  savos  time  in  the  end.  Angles  can  be  measured  with 
greater  accuracy  by  repetition  than  by  the  ordinary  method. 
(See  page  99.) 

191.  Transit  Lines — Summary. 

1.  Transit  lines  are  imaginary  lines  of  reference  by  which  and 
from  which  the  details  of  a  sarvey  are  located.  They  are  the 
skeleton  lines  of  the  survey. 

2.  A  system  of  transit  lines  may  form  a  closed  polygon,  or  a 
network  of  polygons,  or  it  may  consist  of  a  series  of  hnes  which 
do  not  close. 

3.  In  any  polygon  of  transit  lines  either  exterior  or  interior 
angles  may  be  measured.  A  check  is  afforded  by  adding  inte- 
rior angles.     (Art.  175,  p.  119.) 

4.  Error  of  closure  is  usually  due  both  to  error  in  lengths  of 
transit  lines  and  error  in  angles. 

5.  There  are  four  common  methods  of  running  transit  lines, 
two  of  which  depend  upon  measuring  the  angle  which  one 
transit  line  makes  with  another  transit  line;  the  other  two 
depend  upon  measuring  the  angle  which  each  transit  line  makes 
with  a  line  parallel  to  a  reference  meridian  (as,  for  example,  a 
north-and-south  line). 

6.  The  four  methods  are:  (1)  Angles;  (2)  Deflection  Angles; 
(3)  Azimuths;   (4)  Bearings. 

7.  In  the  angle  method  all  angles  are  measured  directly  from 
the  backsight  without  plunging  the  telescope,  while  in  the  de- 
/^ec^ioTi-angle  method  all  angles  are  measured  from  the  back- 
sight 'produced  by  plunging  the  telescope.  This  is  the  principal 
difference  between  the  two  methods. 

8.  In  the  azimuth  method  the  azimuth  of  the  first  line  may 
be  determined  in  one  of  three  ways. 

(1)  By  the  magnetic  needle;  all  azimuths  will  then  be  mag- 
netic azimuths. 

(2)  By  establishing  a  true  north-and-south  meridian  by  ob- 
servation, and  measuring  the  azimuth  of  the  first  line  from  this 
meridian.  AH  azimuths  will  then  be  true  azimuths.  In  this 
case  the  declination  arc  is  often  turned  off. 

/JJ  If  bearings  are  of  no  importance,  the  azimuth  of  the  first 
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line  may  be  assume^  as  zero  or  any  other  convenient  quantity. 
All  azimuths  will  then  be  relative,  i.e.,  azimuths  with  respect 
to  the  first  transit  line  as  a  reference  meridian. 

9.  There  are  two  methods  of  orienting  the  transit  in  running 
by  azimuths.  In  one  the  vernier  must  be  set  anew  at  each 
station  (at  the  back  azimuth)  and  tha  telescope  is  never  in- 
verted. In  the  other  the  vernier  is  S3t  automatically  for  each 
station  by  a  foresight  takan  wails  at  tha  preceding  station,  but 
the  telescope  must  be  inverted  before  backsighting  and  plunged 
before  foresighting. 

10.  If  the  azimuth  of  the  first  line  is  correct,  a  discrepancy 
between  the  azimuth  and  the  bearing  of  any  other  line  indi- 
cates a  mistake  in  measuring  the  angle;  if  no  mistake  is  found 
in  the  angle,  local  attraction  may  exist. 

11.  Running  transit  lines  by  bearings  is  similar  to  the  azi- 
muth method,  but  calls  for  the  quadrant  system  of  numbering 
graduations  on  the  limb.,  Errors  are  much  more  likely  to  occur 
and  the  method  is  but  little  used. 

12.  Calculated  bearings  may  be  used  as  a  rough  check  in  run- 
ning transit  lines  by  angles  or  by  deflection  angles. 

13.  Any  method  of  checking  transit  lines  by  the  magnetic 
naedle  is  useless  in  locations  where  local  attraction  exists. 

14.  Doubling  angles,  or  measuring  angles  by  repetition,  is  a 
more  certain  check  than  that  afforded  by  the  magnet/t  needle, 
and  it  is  also  a  much  more  accurate  one.  By  this  method  angles 
can  also  be  measured  with  greater  precision  than  by  the  ordi- 
nary method. 


CHAPTER  Xin 

METHODS  OF  LOCATING  DETAILS 

In  this  chapter  are  given  the  geometrical  methods  in  common  use  for 
locating  boundary  lines,  street  Unes,  buildings,  fences,  rivers,  bridges,  and 
other  details  of  a  survey.  The  dififerent  methods  are  outlined  without 
entering  upon  the  routine  of  the  field  work,  or  discussing  the  practical 
questions  which  arise  in  connection  with  that  work..  (See  the  next  chap- 
ter for  fieli  work.) 

192.  Transit  Survey — ^Qeneral  Method.  A  transit  sur- 
vey is  one  in  which  the  transit  is  the  principal  instrument  used: 
this  implies  the  measurement  of  angles  as  the  distinguishing 
characteristic.  Part  of  the  work  in  such  a  survey  consists  in 
running  the  transit  lines  according  to  one  of  the  methods  ex- 
plained in  the  preceding  chapter,  and  the  rest  of  the  work  con- 
sists in  locating  details  of  the  survey  using  these  transit  lines 
as  reference-lines.  It  is  desirable  to  have  either  a  transit  sta- 
tion or  a  transit  line  conveniently  near  each  detail  that  is  to 
be  located,  such,  for  example,  as  a  house  or  a  fence-comer;  in 
establishing  transit  stations  this  should  always  be  kept  in  mind. 
(See  Art.  216,  p.  149.)  The  different  geometrical  methods  used 
are  exactly  the  same  as  those  employed  by  draftsmen  for 
locating  points  on  paper.  Some  involve  linear  measurements 
only,  others  are  based  entirely  upon  the  measurement  of  angles, 
while  still  others  combine  linear  and  angular  measurements. 

193.  Two  Methods  of  Carrying  on  the  Work.  Having 
chosen  the  method  of  running  the  transit  lines  (Art.  217,  p.  151) 
there  are  two  ways  to  proceed:  (1)  Lengths  and  angles  of  the 
transit  lines  may  be  measured  and  the  entire  system  established 
before  work  is  begun  on  the  location  of  details.  This  means 
going  over  the  ground  twice,  once  for  transit  lines  and  once 
for  details.  (2)  A  more  common  method  is  to  complete  all  the 
measurements  at  a  station  at  one  set-up,  carrying  on  the  work 
of  running  the  transit  lines  and  of  locating  the  details  simulta- 
neously, and  establishing  new  stations  as  fast  as  they  are 
needed. 

132 
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The  first  method  is  good  for  a  survey  of  considerable  extent, 
in  which  a  network  of  transit  lines  must  be  established  with 
care.  The  second  method  is  better  for  a  survey  which  does 
not  close,  or  for  one  in  which  it  makes  httle  difference  where 
the  transit  hnes  are  run,  or  for  small  surveys  with  compara- 
tively few  stations  where  the  work  can  be  done  in  a  short  time. 

As  a  compromise  between  the  two  methods  it  is  often  best 
before  beginning  a  survey  to  decide  upon  the  approximate 
positions  for  the  different  stations,  and  then,  working  by  the 
second  method,  set  the  stations  more  exactly  as  fast  as  they  are 
needed. 

194.  Locating  Objects  from  Transit  Lines.  Seven 
methods  of  locating  a  point  have  already  been  given  on  page  4. 
Locating  details  consists  simply  in  locating  two  or  more  points 
of  each  object  by  one  or  more  of  these  seven  methods.  Tran^ 
sit  lines  form  the  skeleton  upon  which  the  survey  is  built. 
Objects  are  usually  located  from  the  nearest  or  most  conven- 
ient transit  line.  Enough  points  are  taken  to  completely 
locate  the  object,  with  perhaps  an  additional  point  or  two  for 
a  check.  Thus,  for  example,  it  is  enough  to  determine  the 
position  of  two  corners  of  a  rectangular  building  directly  from 
a  transit  line,  the  other  two  corners  being  located  indirectly 
by  measuring  the  building  itself;  it  is  well,  however,  in  accu- 
rate work  to  locate  a  third  corner  from  a  transit  line  as  a  check. 

Sometimes  it  is  necessary  to  locate  different  parts  of  the 
same  object  from  different  stations  or  transit  lines.  For  exam- 
ple, part  of  a  large  building  may  be  located  from  a  station  near 
one  end,  while  other  portions  of  the  building  are  located  from 
a  station  near  the  other  end.  Fence-lines  and  street-lines  are 
nearly  always  located  from  at  least  two  stations.  For  example, 
in  a  survey  of  a  rectangular  field  each  corner  of  the  field  may 
be  located  from  a  station  near  it,,  and  each  boundary  line  "^  ill 
thus  be  fixed  by  two  points  located  from  different  stations,  and 
possibly  from  different  transit  lines  also.     See  page  14  L 

In  locating  the  different  points  of  any  detail  of  the  survey 
the  surveyor  must  be  quick  to  see  which  of  the  seven  methods 
given  on  page  4  is  best  adapted  to  his  purpose.  (See  Art.  223. 
p.  156.)  Sometimes,  however,  he  has  no  choice  but  must  use 
the  one  method  possible,  as,  for  example,  the  method  of  trian- 
gulation  in  locating  an  inaccessible  point.  Of  the  seven  methods 
referz«d  to,  one  depends  upon  the  intersection  ol  \.vjo  e\x^\^V» 
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lines,  two  depend  upon  linear  measurements  only,  while  the 
other  four  involve  measurements  of  angles.  Since  the  transit, 
is  an  instrument  for  measuring  angles,  these  last  four  methods 
are  most  characteristic  of  transit  surveying.  In  the  succeed- 
ing pages,  however,  there  will  be  found  illustrations  which  are 
intended  to  give  a  general  idea  of  the  way  in  which  all  seven 
methods  are  used  in  locating  objects  from  transit  lines. 

First  those  methods  which  combine  linear  and  angular  meas- 
urements will  be  given,  and  then  those  methods  which  involve 
hnear  measurements  only. 

More  complete  illustrations  in  which  different  methods  are 
combined  will  be  found  in  the  various  forms  of  field  notes 
given  in  Chapter  XV. 

Methods  Involving  Angular  Measurements 

195.  Locating  Objects  by  Angles  and  Distances. 

(a)  Illustraiion.  Any  number  of  points  may  be  located  irom 
f\  station  by  taking  an  angle  to  each  point  and  measuring  the 

corresponding  distance  from 


StaA 


8 


Houses 


A 


195  (a). 


the  station  to  the  point. 
(Method  3,  p.  4.)  The  an- 
gles are  usually  all  taken 
from  the  same  backsight. 
(Art.  127,  p.  94.)  In  Fig. 
195  (a)  the  transit  is  at  sta- 
tion By  backsight  on  station 
A,  Angles  are  taken  to  1 
and  2  (corners  of  the  barn) 
and  5,  ^,  5,  and  6  (comers 


ot  the  house),  and  the  corresponding  distances  from  station  B 
to  these  comers  are  measured.  *' Measuring  up,"  i.e.,  measur- 
mg  the  lengths  of  the  sides  of  the  bam  and  the  house,  completes 
the  field  work  of  location.  In  many  cases  it  would  be  suffici^it 
to  locate  two  comers  of  the  house,  as,  for  example,  S  and  4  or 
5  and  6, 

Locating  objects  by  azimuths  and  distances.  In  the  preceding 
illustration,  and  in  many  that  follow,  it  will  be  observed  that 
the  method  of  locating  objects  holds  good  when  azimuths  are 
used  in  place  of  the  usual  angle  taken  from  .some  backsii^t. 
Indeed,  azimuth  means  an  angle  taken  clockwise  from  a  northr 
and'BOutb  line  or  from  some  other  meridian  as  a  backsight. 
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(b)  Illustration,     Locating  an  object  by  an  angle  and  distance 
to  one  point  only.     In  Fig.  195  (6)  a  method  is  shown  which  is 
often   u<!ed   for  locat- 
ing a  rectangular  ob- 
ject.     A    point   c    is 
** lined    in''    with    the 
transit     between    sta- 
tions F  and  G,  and  at 
the  same  time  brought' 
into    line   by  eye  with 
one  side  of  the  house, 
as   ah.      The  point  c  ^'«-  l»^  ('»>• 

being  thus  established  the  transit  is  set  up  at  c,  the  angle  Feb  is 
taken,  and  the  distances  Fc  and  cb  are  measured.  One  comer  of 
the  house  b  having  been  located  in  this  way,  the  other  comers 
are  foimd  by  ''measuring  up'*  the  house  itself.  This  method  is 
most  used  when  the  object  is  too  far  away  to  be  located  from  a 
regular  transit  station,  and  yet  is  comparatively  near  one  of  the 
transit  lines;  although  it  is  not  the  most  accurate  method,  it  will 
often  answer  the  purpose.  A  method  similar  to  this  but  one 
which  does  away  with  the  setting  up  of  a  transit  at  c  is  given 
on  page  139,  Fig.  199  (a). 

(c)  Illustration.  Ijocating  curves  by  angles  and  distances. 
The  simplest  way  of  locating  a  curve  made  up  of  circular  arcs 
of  small  radii  is  to  find  by  trial  the  radius  and  center  of  each 
arc,  locate  each  center  from  the  nearest  transit  station,  and  in 
addition,  if  necessary,  locate  the  points  where  each  curve  ends 
or  where  it  changes  to  a  different  curve.  When,  however,  the 
radii  arc  large  or  when  the  curve  is  irregular,  i.e.,  not  com- 
posed of  true  circular  arcs,  some  other  method  must  be  used. 
One  method,  especially  adapted  to  the  location  of  small,  sharp, 
irregular  curves  such  as  driveways,  park  walks,  and  other  simi- 
lar curves,  is  given  in  Fig.  195  (c).  Notice  that  for  each  angle 
measured  two  points  are  located.  Thus,  with  transit  at  E,  back- 
sight at  />,  an  angle  to  7  is  taken,  7'  is  lined  in,  and  the  two 
distances  to  7  and  7'  are  measured,  the  object  being  to  save 
work  in  plotting.  The  second  point  can  usually  be  set  in  line 
with  the  first  by  eye.  Chain-pins  or  stakes  can  be  stuck  into 
the  ground  at  intervals,  close  together  where  the  curve  changes 
rapidly,  farther  apart  where  the  curve  is  less  abrupt,  aivd  lVi» 
angles  and  distances  mesasured  to  these  pomtB,  ot,  oti  Wi^  o^^^ 
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hand,  angles  can  be  turned  off,  say  every  15°,  the  correspond- 
ing points  on  the  curve  marked,  and  the  distances '  to  these 

points  then  measured.  It 
often  happens  that,  by 
making  the  same  angle 
serve  for  the  location  of 
two  or  more  points,  work 
in  plotting  is  saved  not 
only  in  the  location  of 
Fig.  195  (c).  curves,   but    also    in  the 

location  of  all  kinds  of  objects. 

(d)  Illustration.  Locating  a  point  by  an  angle  and  distance 
when  the  distance  is  measured  from  some  fixed  point  other  than 
the  transit  station.     (Method  4,  page  4.) 

In  the  three  preceding  illustrations  the  distance  to  any  point 
located  was  measured  from  the  station  where  the  transit  stood 
when  the  angle  to  that  point  was  taken.  (Method  3,  p.  4.) 
Instead  of  measuring  from  the  transit 
station  it  is  sometimes  more  con- 
venient to  measure  from  some  other 
point  already  located  as  shown  in 
Fig.  195  (d)  and  Fig.  195  (c). 

In  Fig.*  195  (<i)  comer  b  is  located  in 
the  usual  way.  Corner  a  is  located 
also  by  an  angle  from  the  backsight 
on  station  G,  but  the  distance  is  meas- 
ured from  b  instead  of  from  station  H. 

(e)  This  method  may  also  be  used  for  determining  the  direc- 
tion of  a  street  which  branches  off  from  the  main  survey.  As 
only  enough  of  the  street  will  be  shown  on  the  map  to  indicate 

its  direction,  it  will  usually  suffice 
to  locate  a  single  point,  as,  for  ex- 
ample, b  in  Fig.  195  (c).  The  comer 
a  having  been  located  by  an  angle 
and  distance  in  the  usual  manner, 
an  angle  is  taken  to  b,  but  the  dis- 
tance from  a  to  b  is  measured  in- 
stead of  the  distance  from  Sta.  B 
to  b.  This  method  might  be  used, 
for  example,  if  on  account  of  fences  it  is  much  easier  to  measure 
fnom  a  to  d  than  it  ia  to  measure  from  Sta.  B  tob.    If  more  oon- 
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venient,  produce  ba  to  e  and  measure  from  Sta.  B  to  e,  (See 
p.  140,  Fig.  199  {c),  for  another  method  of  getting  the  direction 
of  a  street.) 

196.  Locating  Points  by  Two  Intersecting  Angles. 

lUitstration.  (Method  5,  p.  4.)  In  Fig.  196  a  transit  at  B, 
backsight  at  C,  measures  the  angle  CB2.  At  the  same  time 
anothei*  transit   at  C, 

backsight  at  B,  meas-  -^    ,..^*Bifc.^      -^Sk:. 

ures_  the  angle  BC2, 
The  distance  BC  be- 
ing known,  the  point 
2  is  thus  located. 
Any  number  of  points 
along  the  bank  may  be 
determined  in  a  similar 


Staff 


Fig.  196. 

manner.   When  this  method  is  followed  two  transits  are  generally 
used. 

This  method  may  be  used  for  locating  any  point  which  can 
be  seen  from  two  transit  stations,  as,  for  example,  a  fence-cor- 
ner or  the  corner  of  a  building.  The  method  is  not  as  accurate 
as  the  preceding  methods  unless  the  base-line  and  angles  are 
measured  with  great  care.  If  the  angle  at  the  intersection  of 
the  two  hnes  is  too  acute,  it  makes  it  difficult  in  plotting  to  de- 
termine the  exact  point  of  intersection. 

This  method  is  especially  adapted  to  locating  inaccessible 
points  and  for  taking  soundings.  It  is  much  used  in  plane-table 
work. 

197.  Locating  Points  by  the  Three-point  Method. 
(Method  7,  p.  4.)     Let  H,  /,  and  K  in  Fig.  197  be  stations  on 

shore  the  positions  of  which  are 
known.  Let  1,  2,  and  3  be  points  on 
the  water  at  which  buoys  are  placed 
or  soundings  taken.  At  each  of  these 
points  two  angles  between  lines  to  the 
\  i  .!-"\^^  ^^     three  stations  on  shore  are  taken,  as 

^^i'.'Jt'-'-r"--\-l ^— "'"a  indicated  on  the  figure,  thus  locating 

-.^  each  point.     The  angles  are  usually 

j,jQ    jgy  measured  with  a  sextant.     The  pecu- 

liarity of  this  method  is  that  i}ie  angles 
are  all  taken  at  the  point  to  he  located.  The  points  could  of  course 
be  located  by  the  method  of  the  preceding  aT\»\<iVft,  W^fe  Vw^ 
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transtta  on  ^ore  occupying  two  of  the  three  Gtatione,  as  Sta.  H 
and  Sta.  I,  or  Sta.  I  and  Sta.  K. 

Methods  Involving  Linear  Measdreuents  om-T 
All  the  methods  on  the  [preceding  pages  depend  upon  the 
measurement  of  one  or  more  angles.  Much  of  the  work  of 
locating  objects,  however,  can  be  done  without  measuring 
angles.  Of  the  two  methods  involving  only  linear  measure- 
ments (page  4)  that  o'f  locating  a  point  by  offsets  is  the  one 
more  used. 

I9S.  Locating  Objects  by  Offsets. 

(a)  This  method  corresponds  to  method  2,  p.  4.  The  perpen- 
^euloT  distances  to  the  transit  line  from  different  points  of  an 
abject  are  called  offsets.  (For  methods  of  erecting  perpendic- 
ulars see  p.  61.)  Enough  offsets  are  taken  to  completely  locate 
the  object,  the  distances  between  the  oflsets  being  measured  aiong 
the  Iranxit  Kne.  In  Fig.  198  (a)  only  two  offsets  are  needed  to 
locate  the  building. 


Fig.  IBS 


(b)  Anything  which  is  regular  i.i  outline  can  be  located  1^ 
offsets  taken  at  equal  intervals  along  the  transit  hne.  Thus  in 
Fig.  198  (b)  offsets  were  taken  every  20  ft.  Notice  that  dis- 
tances (9  ft.  and  22  ft.)  were  measured  to  the  points  where  the 
transit  line  crosses  the  curves.  In  keeping  notes  some  engineers 
prefer  to  consider  offsets  on  one  side  of  the  transit  line  pint, — 
on  the  other  side  minus. 

(c)  Irregular  outlines  are  best  located  by  offsets  at  unequai 
intervals,  for  in  this  way  only  c^n  the  points  of  abrupt  ch&nge 
in  the  line  be  determined.  I'he  edge  of  a  bluff,  a  river  bank, 
or  any  other  irregular  line  can  tie  located  by  running  a  tnuiait 
line  near  it  and  taking  offsets  as  ilhistrated  in  Fig.  198  (c). 

(_d)  In  locating  objects  by  offsets  remember  three  things: 
iJJ  The  diFtAiitx  from  one  of  the  offsets  to  a  transit  station 
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(or  some  other  known  point  on  the  transit  line)  must  be  meas- 
ured.    If,  for  example  in  Fig.  198  (c),  the  distance  30  ft.  from 


s  not  measured,  the  rest  of  the 


Sta.  A  to  the  first  ofFaet  t 
ivork  would  be  useless. 

(2)  An  offset  should  be  taken  at  every  point  where  there  is 
an  abrupt  change  in  the  outline  to  be  located. 

(3)  Otfaeta  should  be  taken  to  all  points  of  the  outline  which 
are  farthest  from  or  nearest  to  the  transit  line. 

JVoto,  It  will  focULtate  plotting  (and  tbe  field  vork  too)  if,  inaKiad  of  mea- 
suring dist&nces  between  offsets  as  shown  in  the  figure,  the  tots]  riiitance 
ot  eseh  offset  from  the  transit  station  is  measuied.     Thux.  xtaning  from 

exp'UiAed  on  page  147.    +30.    +54,    +74.   1  +  04.    1+24,   1+49,   1  +  69, 

2  +  03.     This  shows  that  the  last  offset  is  306  ft.  from  "        

remaining  distance  to  Sn.  B  is  now  meaHured  in  the  ss 

ar3"fl.*''rhiB  is*8  vSuoble  "™ec^'"n°8!'l*the"intermed 


tweeif  ^ 


itslidl  leS^'hea 


triihrneticat  addil 


ion  i»  atamani; ' 
,e  plus  for  eacli  i 


eetly 

199.  Locating  Objects  by  Measurements  Oblique  lo  the 
Transit  Line. 

Illustration.  In  Fig.  199  (a)  and  Fig.  199  (6)  are  shown  two 
different  methods  of  locating  a  building,  each  of  which,  bow- 
ever,  depends  upon  the  some 
general  principle.  (Method 
I,  p'.  4.)  In  Fig.  199  (a) 
points  d  and  e  are  two  pointn 
in  the  tramit  line,  and  the 
distance    of    one    of    these    ^''    '\& 

potnta  from  the  nearest  sta-^ -t 

tion   is   measured.     Point   e 

was  taken  on  a  line  with  one       ^t°-  189  (< 

side    of    the'  building,    and 

point  d  is  any  convenient  distance  from 

building  is  then  located  by  the  distances  from  d  a.n4  e.    \w'?"\^ 


The  comer  of  the 
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199  (6)  each  of  the  two  comers  of  the  building  nearest  the  tran- 
sit line  are  located  by  two  distances  from  points  (a  and  6  or  6 
and  c)  on  the  transit  line. 

In  Fig.  199  (a)  if  the  comer  /  of  the  building  had  been  a  con- 
siderable distance  from  the  transit  line,  in  place  of  the  51  ft. 
line  to  /  a  "tie- line"  to  some  other  point  on  fe  could  have  been 
used,  thus  fixing  the  direction  of  fe.  The  "tie-line"  answers 
the  same  purpose  as  measuring  the  angle  (p.  135,  Fig.  195  (b)), 
and  while  not  quite  as  accurate,  it  can  often  be  used  to  advan- 
tage. In  Fig.  199  (c)  another  illustration  of  the  use  of  "tie- 
lines"  is  given. 

(c)  Use  of  tie-lines.  In  Fig.  199  (c)  the  intersection  c  of  two 
street-lines  is  located  from  Sta.  B  by  an  angle  and  distance  in 

the  usual  way.  No  other 
point  is  located  from  Sta.  B, 
the  street-line  cef  being  located 
f  by  a  second  point  taken  from 
some  other  station  not  shown 


i 


\  fbnce 


Fio.  199  (c). 


in  the  figure.  The -point  d 
determines  the  direction  of 
a  side  street.  Measure  from 
c  to  d  and  from  c  to  any 
other  point  e  on  the  line  of  The  length  of  the  "tie-line"  de 
d3t ermines  the  angle  dee.  (Another  method:  produce  dc  to  a, 
se3  p.  136.)  In  a  similar  way  if  a  point  n  has  been  lined  in  by 
eye  with  a  division-fence,  a  tie-hne  from  any  point  m  to  any 
point  0  will  determine  the  direction  of  the  fence  and  thus  avoid 
a  "set-up"  at  n. 

(d)  Offsets  oblique  to  the  transit  line.  In  Fig.  199  (d)  the 
points  d  and  c  on  the  transit  line  were  lined  in  by  eye  with  two 
sides  of  a  building,  and  the  dis- 
tances cul  and  be  were  measured. 
The  point  d  was  located  from  Sta. 
A,  and  the  building  was  measured 
up.  Notice  that  dc  was  not  meas- 
ured. This  method  is  not  geomet- 
rically correct,  for,  in  plotting,  the 
distance  ab  and  dc  are  assumed 
equal.  They  are  equal  for  all  prac- 
tical purposes,  since  this  method 
would  not  he  used  except  in  cases  where  the  transit  line  runs 


Staj4  d 


c  ToStaB^ 


Fig.  199  (d). 
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approximately  parallel  to  the  side  of  the  house,  and  where  the 
map  will  be  plotted  to  such  a  small  scale  that  the  discrepancy 
between  the  lengths  of  ab  and  dc  will  not  show. 

200.  Locating  Boundaries.  In  surveying  boundary-lines 
it  is  not  often  practicable  to  make  the  transit  lines  coincide  with 
the  boundary-  ot  fence-lines;  they  are  therefore  run  around  the 
field  outside  or  inside  as  may  be  more  convenient.  It  is  not 
necessary  to  establish  the  transit  lines  parallel  to  the  boundary- 
hnes,  although  when  it  is  desired  to  find  the  angle  at  the  in-' 
tersection  of  the  boundaries  it  may  be  well  to  do  so;  even  then, 
however,  it  is  not  really  necessary,  since  the  required  angles 
can  be  calculated. 


Fig.  200. 

Illustration,  In  Fig.  200  three  methods  are  shown  for  locating 
the  boundary-lines  of  the  same  plot  of  land.  It  is  assumed  that 
buildings,  fences,  or  other  obstacles  prevent  the  transit  lines 
(represented  in  the  figure  by  broken  lines)  from  being  estab- 
lished on  the  boundary-lines. 

(1)  Transit  lines  ABODE  are  run  at  random,  and  each  comer 
of  the  plot  is  located  from  the  nearest  station  by  one  of  the  usual 
methods, — in  most  cases  by  angle  and  distance.     (See  p.  134.) 

(2)  Transit  lines  FGHIJ  are  parallel  respectively  to  corre- 
sponding boundary-lines,  and  the  comers  of  the  plot  are  located 
as  in  the  first  method;  or  each  boundary-line  is  located  by  offsets 
l.om  the  corresponding  transit  hne.    (See  p.  138.)  . 

(3)  Any  convenient  rectangle  of  transit  lines,  as  KLMNO,  is 
established,  and  each  comer  of  the  plot  is  located  by  perpen- 
dicular distances  from  the  nearest  transit  lines. 

In  the  figure  the  transit  lines  in  each  case  are  shown  wholly 
outside  of  the  tract  surveyed.  If  more  convenient,  they  may  be 
wholly  inside  or  partly  inside  and  partly  outside. 

The  first  method  is  the  one  most  used  because  \\.  mvc^N^^  V>c\^ 
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least  field  work.  The  second  method  calls  for  extra  work  in 
establishing  the  transit  lines  parallel  to  the  boundaries,  but  it 
gives  the  angle  at  each  corner  of  the  plot  directly  without  oom- 
putation.  In  the  third  method  the  difficulty  lies  in  getting  the 
points  where  the  j>erp)endiculars  from  the  comers  of  the  plot 
intersect  the  transit  lines,  especially  if  this  must  be  done  with 
considerable  precision,  but  when  it  is  desired  to  save  office  work 
at  the  expense  of  field  work  this  method  is  a  valuable  one.  It 
'  is  evident  that  much  time  is  saved  in  plotting  and  in  office 
computations. 

In  the  second  and  third  methods,  buildings,  fences,  and  other 
obstacles  may  render  it  difficult  to  establish  the  transit  lines, 
wliile  in  the  first  method,  since  the  transit  lines  are  run  at  ran- 
dom, obstacles  are  more  easily  avoided. 

This  illustration  shows  how  it  is  often  necessary  to  locate 
different  points  of  an  object  from  different  transit  stations. 
Thus,  for  example,  any  one  of  the  three  methods  could  be  em- 
ployed for  locating  a  large  building.  For  staking  out  a  building 
the  third  method  is  generally  used.     (See  p.  210.) 

(4)  The  lines  PQRS  illustrate  a  fourth  method,  which  is  not 
a  common  one,  but  which  can  be  used  sometimes  to  advantage 
where  conditions  are  favorable.  It  consists  simply  in  running  a 
transit  line  through  each  corner  of  the  lot,  and  measuring  alorg 
these  lines  to  the  respective  corners.  Not  much  work  is  saved 
in  the  field  by  this  method,  but  the  office  work  of  plotting  and 
of  calculating  the  area  is  simplified.  It  has  the  further  ad- 
vantage of  definitely  locating  each  comer  with  the  fewest  pos- 
sible measurements. 

In  the  Field  Notes  of  Chapter  XV  will  be  found  more  complete 
illustrations  of  the  use  of  transit  lines  for  locating  boundaries. 

201.  Practical  Application  of  Methods.  The  field  work  of 
locating  details,  involving  such  questions  as  which  methods,  to 
use  and  how  to  apply  them,  is  discussed  in  the  next  chapter. 
A  careful  study  of  the  illustration  in  the  second  part  of  Chapter 
XV  on  Field  Notes,  especially  the  survey  for  an  electric  road 
(Illustrations  V  and  VI,  pp.  184-186),  and  the  survey  of  a  city 
street  (Illustration  VII,  p.  188),  will  suggest  how  several  methods 
may  be  combined  in  practice  It  is  well  worth  while  to  plot  the 
notes  referred  to  in  order  to  gain  an  idea  of  the  actual  field  work 
of  locating  details. 

202,  Summary.    Transit  lines  form  a  skeleton  upon  \diich 
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the  survey  is  built.  Details  are  located  from  the  nearest  di 
mos\  convenient  transit  line.  There  are  seven  methods  of  locat- 
ing any  point,  four  of  which  involve  the  measurement  of  one  or 
more  angles,  two  depend  upon  linear  measurement  only,  and 
one  upwn  the  intersection  of  two  straight  lines.  No  one  method 
should  be  used  to  the  exclusion  of  all  others,  and  the  surveyor 
must  be  quick  to  see  which  is  best  adapted  to  his  purpose. 

1.  The  most  common  method  for  locating  a  point  is  that  by 
angle  and  distance.  It  is  quick  and  accurate,  and  should  ordi- 
narily be  used  for  points  near  a  transit  station,  when  measure- 
ments from  the  station  to  the  points  can  be  made  without 
difficulty.  For  a  number  of  such  points  angles  should  be  taker 
from  the  same  backsight.  One  angle  will  often  serve  to  locate 
several  points. 

2.  A  second  method  differs  from  the  preceding  in  that  the 
distance  to  the  point  located  is  measured  from  some  other  point 
instead  of  from  the  transit  station.  Used  when  it  is  more  con- 
venient to  measure  from  a  near-by  point  already  located  than 
t3  measure  from  the  transit  station  itself. 

3.  A  thitd  method  for  locating  a  point  depends  upon  two 
angles,  one  taken  at  one  transit  station,  the  other  at  another 
transit  station,  with  the  line  between  the  two  stations  as  a  base- 
line. Two  transits  are  ordinarily  used,  although  the  work  can 
often  be  done  with  one.  Used  for  locating  inaccessible  points 
or  j>oints  too  far  from  transit  stations  for  linear  measurement? 
to  be  taken.  Especially  adapted  to  locating  points  on  the 
water.  The  method  is  not  accurate  unless  the  base-line  ar.d 
angles  are  measured  with  great  care.  With  ordinary  precautions, 
however,  it  answers  the  purpose  in  locating  unimportant  details. 

4.  A  fourth  method  involves  the  measuring  of  two  angles  at 
the  point  to  be  located.  The  angles  measured  are  formed  by 
three  lines  radiating  from  the  unknown  point  to  three  known 
points.  Used  for  hydrographic  surveying  and  similar  work. 
This  method  is  the  so  called  *' three-point"  method. 

5.  A  fifth  method,  locating  points  by  offsets,  involves  linear 
measurements  only.  Used  for  locating  objects  which  are  near 
a  transit  line  but  not  near  a  transit  station.  Especially  adapted 
to  locating  curves,  and  irregular  lines  such  as  river  banks,  and 
edges  of  bluffs.    Also  used  for  locating  buildings. 

6.  A  sixth  method  is  that  in  which  each  point  is  located  by 
two  distances,  one  from  each  of  two  known  pointa.   TVi\s  T£i^>i)aa^ 
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is  q  lite  accurate,  and  is  often  more  convenient  to  use  than  ontj 
involving  the  measurement  of  angles.  The  "tie-line,"  one  form 
of  this  method,  wiU  often  save  setting  up  the  transit,  as  it  vir- 
tually determines  the  angle  required. 

7.  A  seventh  method  is  that  of  locating  a  point  by  two  inter- 
secting straight  lines  from  four  known  points.  Used  princi- 
pally for  referencing  points,  but  it  can  also  be  used  to  some 
extent  in  locating  points. 

8.  No  matter  how  many  points  of  an  object  may  be  located, 
the  dimensions  of  the  object  itself  should  be  ascertained.  This 
means  that  lengths  of  boundary-lines,  lengths  of  street-lines, 
and  lengths  of  all  other  important  lines,  especially  straight 
lines,  should  be  measured  along  the  lines  themselves  in  addition 
to  locating  the  ends  of  the  lines  from  transit  stations. 

9.  Rectangular  objects,  such  as  buildings,  are  conmionly  lo- 
cated in  on3  of  the  following  ways:  (It  is  assimied  that  the 
dimensions  of  the  object  are  also  ascertained.)  (1)  By  angles 
and  distances  to  two  or  more  comers;  (2)  By  the  angle  and  the 
distance  to  one  comer  from  a  point  on  the  transit  line  which  is 
also  in  line  with  two  comers  of  the  object,  one  of  which  is  the 
comer  located;  (3)  By  an  angle  and  distance  to  one  comer  and 
the  angle  (but  not  the  corresponding  distance)  to  another  comer; 
(4)  By  offsets;  (5)  By  producing  one  side  of  the  object  to  an 
intersection  with  the  transit  line  and  measuring  a" tie-line "i 
(6)  By  locating  two  comers,  each  by  two  distances  from  known 
points. 

10.  The  direction  of  a  street-line  or  a  division-fence  line  or 
any  similar  line  branching  from  the  main  survey  may  be  deter- 
mined by  producing  the  line  until  it  intersects  the  transit  line 
(or  some  other  known  line),  and  then  locating  one  additional 
point  on  the  line  by  angle  and  distance,  or  by  a  "tie-line." 

11.  Unbroken  curves  may  be  located  either  by  offsets,  or  by 
locating  controlling  points  by  any  of  tEe  usual  m^hods. 

12.  Finally.  If  an  object  covers  considerable  groimd,  it  may 
be  necessary  to  locate  different  parts  of  it  from  different  sta- 
tions or  different  transit  lines;  in  locating  long  lines,  such  as 
street-lines  and  boundary-lines,  this  is  especially  true.  In  lo- 
cating any  object  it  may  be  well  to  use  one  method  for  locating 
some  of  the  points,  and  another  method  for  locating  other 
points;  thus  a  combination  of  two  or  more  of  the  seven  methods 

may  be  used  often  to  good  advantage. 


CHAPTER  XIV 

TRANSIT  SURVEYING.     FIELD  WORK 

It  is  comparatively  eai^y  to  learn  the  theoretical  methods  of  running 
transit  lines  and  of  locating  details  given  in  the  two  preceding  chapters. 
On  the  other  hand  the  judgment  required  for  choosing  methods  best  adapted 
to  the  work  in  hand,  and  the  skill  necessary  for  carrying  out  the  field  work 
with  accuracy  and  despatch,  can  only  be  acquired  from  a  long  and  varied 
experience  in  the  field.  It  is  not  desirable,  therefore,  to  lay  down  hard  and 
fast  rules  for  fielJ  work.  The  most  that  can  be  done  is  to  outline  the 
routine  usually  followed,  and  to  discuss  in  a  general  way  practical  ques- 
tions which  arise  in  the  field. 


203.  Transit  Party.  Transitman,  chainmen,  flagman,  axe- 
man, and  others  who  work  together  as  one  party  in  making  a 
transit  survey.  The  size  of  the  party  depends  upon  the  nature 
of  the  work.  Two  men  may  constitute  a  transit  party,  but 
usually  three  can  work  to  better  advantage.  When  much  chain- 
ing has  to  be  done,  and  many  angles  taken,  a  party  of  four  or 
five  men  is  still  better.  Sometimes  several  transit  parties  are  at 
work  on  the  same  survey.  The  duties  of  each  member  of  the 
party  are  outlined  at  the  end  of  this  chapter. 

204.  The  Instruments  and  Equipment  for  a  surveying 
party  dei>end  upon  the  work  to  be  done.  For  ordinary  sur- 
veys the  different  members  of  a  transit  party  should  be 
equipped  as  follows: 

1.  Transitman.    Transit,  plumb-bob,  reading-glass. 

2.  Note-keeper.  Note-book,  pencil,  eraser,  straight-edge, 
6cribbling-pad,  and  trigonometric  tables. 

3  and  4.  Chainmen.     Steel  tape,  chaining-pins,  plumb-bob. 
5.  Axeman  and  Flagm^an.    Axe,  stakes,  transit-pole,  crayon, 
tacks. 

In  addition  to  the  above  list  it  is  well  habitually  to  carry  in  the  pocket 
a  short  steel  tape,  reading-glass,  sharp  knife  with  screw-driver  blade,  pad 
of  scribbiing-paper,  string  or  spool  of  fine  wire,  pencil,  and  eraser. 

For  a  more  complete  list  of  instruments  and  equipment  consult  Part  IIL 
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205.  Signals  in  CDmniDn  use  in  surveying  are  as  follows: 

1.  In  '^lining  in"  a  motion  is  made  with  one  hand  or  the 
other  in  the  direction  in  which  the  pole,  stake,  or  pencil  is  to 
be  moved:  a  vigorous  motion,  move  quite  a  distance;  a  slight 
motion,  a  small  distance. 

2.  Waving  the  an  is  so  as  to  bring  the  hands  together  ever 
the  head  means  "all  right." 

3.  When  the  transitman  wishes  a  rod  held  for  a  sight  he  raisep 
an  arm  to  a  vertical  position. 

4.  The  left  arm  held  vertically  means  to  plumb  the  rod  in 
that  direction;  tha  right  arm,  plumb  in  the  opposite  direction. 

5.  When  a  transitman  is  through  with  a  flagman  for  the  time 
being,  but  is  hkely  to  need  another  sight  on  the  same  point,  he 
simply  signals  all  right.  When,  however,  he  is  entirely  throiigh 
and  wishes  the  flagman  to  "come  in"  or  to  move  to  the  next 
station  he  waves  a  handkerchief.  Unless  there  is  some  clear 
understanding  on  this  point  a  flagman  is  apt  to  come  in  at  a 
signal  of  "all  right,"  and  thus  cause  needless  delay. 

5.  When  the  flagman  holds  his  transit-pole  in  a  horizontal 
position  over  his  head  he  means  that  he  is  going  to  give  a  sight 
on  a  transit  station.  The  same  signal  is  used  when  establishing 
a  transit  station  to  indicate  that  the  tack  is  set  and  the  station 
completed. 

Additional  signals  are  often  used,  such,  for  example,  as  "give 
a  point  o*i  line"  and  "another  sight  wanted." 

Any  systcTi  of  signals  may  be  used  in  place  of  those  given. 
It  is  a  matter  of  small  consequence  what  the  signals  are,  pro- 
vided thsy  are  clearly  imderstood  by  every  member  of  the  tran- 
sit party.    Avoid  shouting:  it  is  an  evidence  of  "greennesa." 

206.  Transit  Survey — General  Method.  Transit  lines,  run 
according  to  one  of  the  methods  of  Chapter  XII,  are  used  as 
reference-lines.  The  field  work  consists:  (1)  In  running  the 
transit  lines,  and  (2)  in  locating  points  of  the  survey  with  refer- 
ence to  those  transit  lines.  Keeping  notes  is  also  an  important 
part  of  the  work. 

The  work  of  running  the  transit  lines  and  of  locating  details 
may  be  carried  on  simultaneously,  or  the  entire  system  of  tran- 
sit lines  may  be  established  before  the  work  of  locating  details 
is  begun.  The  question  of  when  to  use  one  method  and. when 
to  '1S3  th?  oth'ir  has  already  been  discissed  on  np.  132-133. 

21)7,  A  Transit  Station  may  be  any  well-defined  Doint.  as 
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a  taek  in  a  stake,  a  nail  in  the  crack  of  a  curb,  or  an  X  scratched 
on  a  pavement.  If  a  stake  is  used,  it  should  be  driven  flush  in 
the  ground  and  a  guard-stake  put  near  it.  The  former  stake  is 
called  a  "hub."  A  transit  station  may  be  established  in  two 
ways: 

(1)  Its  position  may  be  chosen,  and  the  exact  point  marked 
before  any  sight  is  taken  on  it,  or  (2)  it  may  be  "sighted  in"  from 
the  transit,  as,  for  example,  when  a  station  is  to  be  established 
"on  line"  with  two  other  stations.  When  the  transit  station  is 
to  be  lined  in  the  flagman  first  holds  the  transit- pole  or,  better 
still,  the  stake  itself,  and  moves  it  into  line  in  accordance  with 
the  signals  from  the  transitman.  (See  Art.  205.)  Having  de- 
termined the  required  point,  the  stake  is  driven,  and  the  pole 
(or  a  pencil  if  it  can  be  seen)  is  again  held  to  find  the  exact  point 
on  the  stake  for  driving  the  tack.  In  rough  work  the  tack  is 
unnecessary,  the  stake  itself  answering  every  purpose. 

208.  Guard-stake.  A  stake  driven  partly  into  the  ground, 
a  foot  or  so  from  the  station,  so  that  the  station  itself  may  be 
easily  found  and  identified.  The  station  number  should  be 
marked  on  it  from  the  top  towards  the  bottom,  and  the  stake  should 
be  driven  on  the  left  of  the  transit  line,  so  that  the  number  may 
be  easily  read  as  one  walks  along  the  line.  If  it  is  driven  at  a 
alarU  (with  top  inclined  away  from  the  station),  it  will  not  be 
mistaken  for  the  hub  itself,  and  the  lettering  is  more  easily  read 
than  if  the  stake  is  vertical.  If  for  any  reason  a  guard-stake 
near  a  station  is  likely  to  be  knocked  over,  it  may  be  driven 
a  few  feet  away  and  marked  accordingly,  as,  for  example,  Sta. 
15  (12  ft.  North).  Flat  stakes  are  often  used  for  guard-stakes, 
and  square  stakes  for  hubs. 

209.  Numbering^  or  Lettering  Stations.  Stations  are 
usually  numbered  or  lettered  in  the  order  in  which  they  are 
established,  but  this  is  not  essential.  Numbering  is  better  than 
lettering  where  there  are  many  stations.  In  railway  work  and 
in  some  other  kinds  of  work  the  first  station  is  often  numbered 
zero,  and  the  other  stations  are  numbered  to  indicate  how  many 
feet  they  are  from  zero  measured  along  the  transit  line — one 
number  for  every  one  hundred  feet.  Thus:  15=  1500,  15+50= 
1550;  15  +  83.5«  1583.5,  16=1600  teet  from  zero,  and  so  on. 

Remark.  The  surveyor's  crayon  or  "keel,"  uped  for  marking  stakes, 
differs  very  much  in  its  water-nroof  qualities.  Test  by  marking  a  stake 
and  then  trying  to  wash  it  off.  Make  all  numerals  bold  and  diBtixvct^ 
presslnfir  the  crayon  into  the  surface  of  the  wood. 
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210.  Choosing^  a  Place  for  a  Transit  Station.  Do  not  choose 
a  place  lor  a  station  where  the  transit  is  easily  jarred  or  dis- 
turbed. Avoid  stations  close  to  car-tracks,  on  loose  planking, 
soft  or  marshy  ground,  smooth  pavements,  or  other  places  where 
the  legs  of  the  tripod  are  easily  moved. 

Do  not  choose  a  station  where  the  line  of  sight  will  be  con- 
tinually obstructed  by  passing  wagons,  cars,  or  people,  if  it  can 
be  avoided.  In  a  crowded  city  street  the  surveying  may  have 
to  be  done  very  early  in  the  morning. 

lUuatratwn.  Near  the  curb  is  a  better  place  for  a  station  than  in  the 
middle  of  the  sidewalk,  and,  where  there  is  much  traffic,  stations  on  the 
same  side  of  a  street  are  better  than  on  opposite  sides.  Avoid  duMwinc  a 
station  where  it  will  be  destroyed  when  the  work  of  construction  beg^ins. 

211.  Referencing  a  Station.  When  a  station  is  likely  to 
be  used  more  than  once  it  should  be  referenced,  so  that  if  lost 
or  destroyed  it  can  be  restored.  This  precaution  is  especially 
necessary  when  stations  are  where  carting,  excavating,  grading, 
and  other  construction  work  is  going  on.  Three  methods  for 
referencing  a  point  with  a  tape  are  illustrated  on  p.  54.  The 
third  method,  perhaps,  is  the  one  most  used  in  transit  surveying, 
since  the  four  points  of  reference  can  be  easily  established  from 
the  station  by  plunging  the  telescope.  These  points  of  reference 
are  usually  stakes  driven  flush,  with  a  tack  to  mark  each  point, 
located  at  random,  but  in  such  a  way  that  the  intersection  of 
the  two  lines  will  be  sharp  and  definite.  The  stakes  should,  of 
course,  be  set  where  they  are  not  likely  to  be  disturbed,  and 
each  one  should  have  a  guard-stake.  A  scratch  on  a  pavement 
or  any  other  well-defined  point  that  would  answer  for  a  transit 
station  may  be  used  for  a  reference-point  in  place  of  a  stake. 
Marks  on  buildings,  nails  in  fences,  and  similar  points  are  often 
used  where  only  a  point  of  sight  is  needed. 

212.  Questions  of  Judgment.  (1)  What  limits  of  error  to 
adopt,  i.e.,  how  close  to  measure  angles  and  distances.  (2)  Where 
to  run  transit  lines,  i.e.,  the  general  plan  of  transit  lines.  (3) 
Method  of  running  transit  lines:  which  one  of  the  four  to  use. 
(1)  Method  of  locating  details:  which  is  the  best  for  any  given 
case.  (5)  Method  of  keeping  notes:  which  is  the  best  adapted 
to  the  work  in  hand.  These  closely  related  questions  are  dis- 
cussed in  the  succeeding  articles. 

213.  Obstacles  to  Surveying  often  make  it  impossible  to 
do  the  field  work  in  the  usual  and  most  direct  way,  and  render 
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it  neeessaiy  to  adopt  extreme  precautions  in  order  to  obtain 
even  an  ordinary  degree  of  accuracy.  A  line  runs  through  a 
tree;  a  distance  is  wanted  between  two  points,  but  a  house-cor- 
ner intervenes;  points  to  be  located  are  inaccessible.  Obstacles 
such  as  these  give  rise  to  special  problems  in  the  use  of  the  tape 
or  the  transit  or  both.  They  may  also  influence  the  surveyor 
in  deciding  some  of  the  questions  suggested  in  the  preceding 
article.  Problems  of  this  kind  which  occur  in  chaining  are 
explained  in  Chapter  VII.  Similar  problems  which  arise  in 
transit  work  are  explained  in  Chapter  XVIII. 

214.  The  Purpose  for  which  a  Survey  is  Made  is  the 
first  consideration  governing  the  field  work.  It  largely  deter- 
mines the  methods  used,  the  data  required,  the  limits  of  error 
adopted,  and  the  general  plan  of  the  field  work. 

lUuatraiion.  If  a  map  is  to  be  made,  ask  yourself  what  will  it  be  used 
for,  and  to  what  scale  will  it  be  drawn?  (See  Art.  11,  p.  6.)  Are  there 
any  measurements  which  as  a  matter  of  record  should  be  more  accurate 
than  the  mere  plotting  of  the  map  requires?  (Art.  70,  p.  44.)  If  work  is 
being  staked  out,  how  will  the  stakes  be  used,  and  how  clote  will  the  men 
who  use  them  work? 

215.  The  Relation  between  Field  Woric  and  Office  Worl< 

is  so  close  that  questions  which  arise  in  the  field  can  often  be 
settled  by  the  bearing  which  they  have  upon  work  in  the  office. 
When,  for  example,  two  or  more  methods  of  field  work  seem 
equally  good,  consider  which  will  require  the  least  ofl[ice  com- 
putation, or  which  is  the  best  for  plotting.  To  facilitate  office 
work  in  this  way,  by  forethought  in  planning  field  work,  does 
not  mean,  however,  that  it  always  pays  to  do  extra  field  work 
in  order  to  save  office  work.  Since  the  work  of  an  entire  tran- 
sit party  can  often  be  plotted  by  one  man  an  hour  in  the  field 
for,  say,  three  men  may  cost  as  much  or  more  than  three  hours 
in  the  office  for  one  man.  Moreover,  field  work  must  often  be 
done  in  a  limited  time  and  under  favorable  weather  conditions, 
while  the  corresponding  office  work  can  be  done  more  leisurely 
and  regardless  of  the  weather. 

216.  Where  to  Run  Transit  Lines  Much  depends  upon 
the  general  plan  of  the  transit  lines,  for  they  form  the  skeleton 
of  a  survey.  While  in  general  it  is  more  important  to  plan 
carefully  for  a  closed  system  of  transit  lines,  especially  if  it  is 
a  complicated  network,  still  even  in  a  random  survey  which 
does  not  close  unnecessary  work  may  be  saved,  \>o\>\  vcv  >i>ftfe 
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field  and  in  the  office,  by  judiciously  choosing  the  location  of 
transit  stations. 

When  possible,  transit  stations  should  be  so  chosen  that  the 
work  of  running  transit  lines,  locating  points  of  the  survey,  and 
plotting  the  map  is  reduced  to  a  minimum.  Before  beginning 
a  survey,  go  over  the  ground  and  note  the  most  important 
features  to  be  located.  Place  transit  stations  where  they  will 
be  of  the  most  use  in  locating  those  features.  If  the  main  pur- 
pos3  is  to  survey  boundary-lines,  then  a  transit  line  should  run 
near  each  boundary  (but  not  necessarily  parallel  to  it).  If 
buildings  are  to  be  located,  plan  to  have  stations  near  the 
buildings.  Obstacles  often  prevent  a  surveyor  from  running 
his  transit  lines  just  where  he  would  like  to  run  them,  but  he 
can  usually  find  some  good  way  out  of  the  difficulty. 

See  if  the  transit  lines  can  be  run  readily.  Changing  a  sta- 
tion a  few  feet  one  way  or  the  other  may  save  unnecessary  field 
work'  or  unnecessary  work  in  plotting.  Make  a  rough  sketch 
of  the  transit  lines  and  see  if  the  system  as  a  whole  is  well  bal- 
anced. Are  there  any  unnecessary  stations?  Are  distances 
between  stations  too  long  or  too  short  for  accurate  sighting? 
Are  there  any  unnecessary  obstacles  to  sighting  or  chaining? 
Half  an  hour  spent  in  choosing  transit  stations  may  save  hours 
of  field  work. 


W 
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(a)  lUuatratum — Boundary  Survey.       Fig,  216  (a)  illustrates    how  field 
work  and  office  work  are  affected  by  the  location  of  transit  lines.     The 

lines  1-2-3-4-5-6-7-1  are  boundary-linra, 
and  the  question  is  where  to  run  the 
transit  lines.  They  can  be  located  in 
four  different  ways, 

1.  To  coincide  with  the  boundary-lines. 

2.  To  form  a  reference  rectanale,  as* 
WXYZ. 

3.  To  form  a  polygon  each  side  of 
which  is  parallel  to  and  a  short  distance 
outside  or  inside  a  corresponding  bound- 
ary-line. (This  polygon  is  not  shown  in 
the  figure.) 

4.  To  form  any  convenient  polygon,  as 
.iy  ABCDEFA. 

(b)  Comparison    of    methods.     (1)  The 
Fig.  216  (d).  first  method,  theoretically  ideal,  is  often 

impracticable  because  of  existing  fences 
and  other  obstacles.  [2)  The  second  method  facilitates  office  work,  but 
is  often  unsatisfactory  or  impracticable  in  the  fi#»ld.  (3)  The  third  method 
involves  considerable  extra  field  work  in  -establishing  each  transit  line  par- 
allel to  the  corresponding  boundary-line.  (4)  The  fourth  method  is  tlw 
one  mo?«t  used.  Its  chief  disadvantage  is  that  neither  the  length  of 
boundary-lines  nor  the  angles  at  the  comers  are  measured  directly.  They 
can  be  easily  found,  however,  by  computation,  and  if  desired  the  lengtlu 
of  the  boundary-lines  may  be  measured  in  addition. 

Note.     A  fifth  method  sometimes  used  is  discussed  on  p.  141. 

(c)  The  choice  of  atationa  and  its  effect  on  field  woiic  and  office  woric  an 
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further  illustrated  in  the  polygon  ADCDEFA.  Notice  that  station  B  was 
so  chosen  that  two  corners,  3  and  4,  could  be  located  from  it,  and  that  when 
the  transit  was  at  C  station  D  and  E  were  established  "in  line."  In  this 
way  a  five-sided  polygon  is  made  to  answer  in  pi  iC€i  of  a  seven-sided  poly- 
gon, and  a  corresponding  gain  in  both  fiel  i  work  and  office  work  is  the 

ICiSUIt. 

(d)  The  relation  between  field  work  and  cffice  work  discussed  on  page  149  is 
illustrated  by  the  third  and  fourth  met  nods.  Suppose  that  tne  lengths 
of  the  boundary-lines  and  the  angles  at  the  comers  are  required.  If  the 
fourth  ihethod  is  used,  they  must  be  computed.  Is  it  worth  while  to  save 
this  extra  office  work  by  running  parallel  transit  lines  according  to  the 
third  method?  The  computation  mvolves  finding  one  unknown  side  in 
each  of  seven  polygons.  For  example,  if  the  lengths  and  directions  of 
the  lines  2A,  AF,  and  Fl  are  known,  the  length  and  direction  of  the  miss- 
ing side  1-2  can  be  computed.  (See  Part  II.)  In  the  polygon  l-F-E-7 
the  missing  side  1-7  can  be  foimd  in  like  manner.  The  direction  of  1-2 
and  1-7  having  been  determined,  the  angle  2-1-7  is  easily  found.  The 
extra  office  wo^k  involved  is  not  so  much  as  at  first  appears,  especislly  if 
the  latitude  and  departure  method  is  used  for  plotting.  It  should  not  exceed 
in  this  particular  case  more  than  two  hours  for  one  man.  If  the  third  or 
parallel-line  method  is  used,  the  extra  field  work  involved  might  easily 
amount  to  more  than  two  hours  for  an  entire  party.  In  city  work  it  often 
pays  to  run  transit  lines  parallel  to  corresponding  street  lines,  but  with 
this  exception  the  third  method  is  not  gener&lly  favored- 

217.  Methods  of  Running  Transit  Lines  have  already  been 
compared  in  Chapter  XII.'  No  definite  rule  can  be  given  for 
choosing  the  method  best  adapted  to  the  work  in  hand,  but 
if  the  advantages  and  disadvantages  of  each  method  as  given 
on  pp.  127  to  130  are  understood,  it  is  not  a  difficult  matter  to 
decide  which  to  use..  In  general  it  may  be  said  that  for  work 
in  the  city  where  accuracy  is  required  and  where  the  magnetic 
needle  is  often  useless,  one  of  the  first  two  methods  (angles  or 
deflection  angles)  is  used.  Angles  can  then  be  measyred  by 
repetition  or  in  series.  In  country  surveying  where  local  attrac- 
tion does  not  exist  to  so  great  an  extent,  and  where  less  accuracy 
is  required,  the  azimuth  method  is  often  used,  the  magnetic 
needle  furnishing  an  approximate  check  on  the  azimuths  of  the 
different  linos.  This  method  is  also  especially  adapted  to  stadia 
and  topographic  surveying.  On  the  other  hand,  when  the 
transit-line  angles  of  a  survey  must  be  measured  by  repetition 
or  when  the  stations  cannot  be  occupied  in  order,  the  aziiiiuth 
method  should  not  be  used.  The  method  of  deflection  angles 
is  used  in  railway  work  and  is  a  favorite  with  many  engineers 
for  other  kinds  of  work.  Its  advantages  are  sometimes  over- 
estimated,  esf>ecially  as  it  is  subject  to  about  all  the  instru- 
mental errors.  The  quadrant  method  has  little  to  commend 
it.  In  extended  surveys  two  methods  are  -  often  combined. 
For  example,  in  topographic  surveys  primary  stations  are  often 
established  by  triangulation  (a  special  case  of  the  angle  method), 
and  from  these  controlling  stations  secondary  tiattsit  V\tv<^  ^^5» 
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run  by  the  azimuth  method.     (See  chapter  on  Topographi 
veying.) 
218.  Sug^gestions  for  Running  Transit   Lines.     T^ 

ever  method  of  running  transit  lines  is  adopted,  by  tai 
few  simple  precautions  the  transitman  can  be  reasonably 
of  avoiding  serious  mistakes.  Instead  of  depending  er 
upon  his  own  care  and  vigilance  he  should  adopt  some  m 
of  procedure  by  which  a  mistake  will  become  self-evid€ 
soon  as  it  is  made.  This  usually  involves  doing  somethi 
a  check  that  otherwise  would  be  unnecessary,  but  the 
time  required  is  trifling  compared  to  the  assurance  thi 
work  is  free  from  blunders.  Indeed,  with  his  mind  thi 
lieved  from  unnecessary  strain,  the  transitman  will  ui 
work  more  quickly  and  accurately  than  he  otherwise  wou 

Precautions  are  taken  for  two  reasons:  (1)  to  insure 
racy  and  (2)  to  avoid  actual  mistakss  or  blunders.  Sour( 
error  in  manipulating  the  transit  are  pointed  out  on  p.  96 
corresponding  precautions  can  be  taken.  Conmion  mis 
in  reading  angles  are  pointed  out  in  Chapter  VIII  and 
marized  on  p.  97.  Two  precautions  in  manipulation  ' 
emphasized  are:  (1)  After  backsighting  try  turning  the  ] 
gently  to  make  sure  that  the  lower  clamp  is  tight  before  t 
the  foresight.  (2)  After  backsighting  take  the  foresight  c 
next  station  at  once,  and  leave  the  side  shots  until  afterv 
The  shorter  the  interval  between  backsight  and  foresigt 
less  likely  is  the  instrument  to  be  disturbed. 

Checks.  A  system  of  checks  affords  assurance  that  pi 
tions  have  not  been  in  vain.  There  are  two  checks  which 
be  employed  in  any  method  of  running  transit  lines:  (1) 
netic  bearings  and  (2)  setting  the  vernier  to  see  if  a  line  s 
a  given  point  that  it  should  strike. 

(1)  Any  angle  may  be  roughly  checked  by  the  ma^ 
needle  regardless  of  local  attraction  (unless  the  latter  • 
in  the  transit  or  about  the  person  of  the  transitman),  pro 
the  bearings  of  both  lines  are  read  at  the  same  station,  i.e 
back  bearing  of  one  line  and  the  forward  bearing  of  the  < 
Where  local  attraction  does  not  exist,  however,  it  is  betl 
calculate  bearings  in  continuous  form.     (See  p.  126.) 

In  this  case  make  sure  of  some  correct  magnetic  beari 
the  beginning  of  the  survey  by  reading  the  needle  at  eacl 
o£  a  line,  ani  assume  this  bearing  as  the  basis  of  all  calci 
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bearings  (p.  126).  In  a  closed  survey  the  ^screpancy  between 
this  assumed  bearing  and  the  calculated  bearing  of  the  same 
line  is  the  error  in  the  sum  of  the  interior  angles,  an  error  which 
may  also  be  detected  by  the  check  on  p.  119. 

(2)  After  measuring  any  important  angle  the  vernier  may 
be  set  at  zero  to  see  if  the  line  of  sight  still  strikes  the  back- 
sight. In  this  way  if  the  clamp  has  slipped  or  a  wrong  tangent- 
screw  has  been  turned  or  the  transit  has  been  disturbed,  the 
movement  of  the  lower  plate  becomes  evident.  A  slight  devia- 
tion from  the  original  backsight,  due  to  inaccuracy  in  setting 
the  vernier,  is  of  course  to  be  expected.  The  work  will  be  fa- 
cih'tated  if  a  permanent  backsight  is  established. 

When,  in  addition  to  the  usual  angle,  side  shots  have  been 
taken,  before  leaving  the  station  the  vernier  may  be  set  at  the 
original  angle  reading  to  see  if  the  line  of  sight  strikes  the  /ore- 
sight.  This  is  a  double  check:  (1)  any  movement  of  the  lower 
plate  while,  the  side  shots  were  being  taken  becomes  evident , 
and  (2)  any  mistake  in  the  original  angle  reading  is  likely  to  be 
detected. 

219.  Methods  of  Procedure  in  Running  Transit  Lines. 
Method  of  procedure  implies  systematic  precautions  and  checks, 
such  as: 

(1)  Precautions  in  the  manipulation  of  the  transit,  p.  95. 

(2)  Precautions  in  reading  angles,  p.  96. 

(3)  Precautions  to  eliminate  instrumental  errors  of  adjust- 
ment and  of  faulty  graduation  or  construction,  pp.  99-101. 

(4)  Precautions  to  prevent  or  forestall  slight  displacement 
of  the  transit. 

(5)  Checks  to  detect  displacement  of  the  instrument  or  mis- 
takes in  manipulation^ 

(6)  Checks  to  detect  mistakes  in  reading  angles. 

Any  method  of  procedure  may  be  used  which  accomplishes 
the  desired  result  without  waste  of  time,  but  it  is  wise  to  adopt 
some  one  method  and  stick  to  it,  for  then  in  many  of  the  opera- 
tions the  mind  will  come  to  work  automatically,  which,  in  itself, 
is  an  efficient  means  of  avoiding  mistakes.  It  will  be  found 
necessary,  however,  to  adopt  different  methods  of  procedure 
corresponding  to  the  four  methods  of  running  transit  lines. 

Those  suggested  in  this  article  are  adapted  to  ordinary  work 
where  great  precision  is  not  required,  and  each  method  should 
be  modified  to  suit  conditions.    When  producm^  stT^\^\»  \vw^ 
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the  best  check  is  tha,t  furnished  by  the  method  of  double  re- 
verso  (p.  92). 

Remark. — Surveyors  differ  as  to  minor  details,  but  there  is  a  general 
agreement  as  to  the  value  of  having  a  fixed  method  of  procedu'i'e.  Those 
outlined  below  are  likely  to  seem  somewhat  intricate  to  the  student,,  and 
hardly  worth  while  following  in  all  their  details,  but  this  is  apt  to  be  the 
case  where  any  operation  in  the  field  is  described  in  print.  As  a  matter 
of  fact  the  methods  are  simple,  and  after  a  little  pradiice  the  extra  steps 
taken  as  precautions  or  checks  become  instinctive.  This  book  contains 
no  better  "pointer"  for  inexperienced  transitmen  than  this:  Adopt  some 
method  of  procedure  well  adapted  to  your  work  and  stick  to  itinaUita  detaiU; 
it  will  save  mistakes,  relieve  the  mind  of  unnecessary  strain,  and  inspire 
confidence  in  results. 

Methods  of  procedure  corresponding  to  different  methods  of 
running  transit  lines  are  given  below.  In  each  case  the  method 
of  procedure  indicates  what  the  transitman  actually  does  at 
any  one  station,  from  the  time'  he  has  finished  setting  up  the 
transit  until  he  is  ready  to  move  to  the  next  station.  The  extra 
steps  taken  as  checks  or  precautions  are  indicated  in  italics  to 
distinguish  them  from  those  that  are  absolutely  necessary. 

220.  Method   of   Procedure  for   Direct-angle    Method. 

Suggestions.  (1)  Use  a  transit  graduated  clockwise  from 
0°  to  360°  and  take  all  angles  clockwise:  saves  confusion  in 
reading  and  recording  angles.  (2)  Invariably  read  the  A  vernier, 
consulting  the  B  vernier,  if  at  all,  merely  as  a  check:  avoids 
mistakes  of  180°  in  reading  angles. 

(a)  Method  of  procedure  when  angles  are  not  doubled. 
(1 )  Set  the  A  vernier  at  360°, — or,  if  at  zero,  make  sure  that  it  is 
the  zero  corresponding  to  360°.     (See  p.  75.) 

(2)  Backsight;  glance  to  see  if  A  vernier  is  still  at  zero;  se-e  if 
the  hack  bearing  agrees  with  the  forward  hearing. 

(3)  Test  to  see  if  clamps  are  tight;  foresight  immediately  on 
the  next  station  before  the  transit  is  likely  to  be  disturbed; 
establish  a  permanent  foresight. 

(4)  Read  and  record  the  angles. 

(5)  Read  and  record  the  forward  hearing  (from  the  needle), 

(6)  {Calculate  and  record  the  forward  hearing  and  see  if  it  agrees 
with  the  m^tgnetic  hearing. 

(7)  Take  all  side  shots. 

(8)  Set  the  vernier  at  the  original  angle  reading  and  see  if  the 
line  of  sight  strikes  the  permanent  foresight.    (Double  check.) 

Comm'mts.  Instead  of  relying  upon  the  needle  for  a  check,  the  tjansit- 
line  anf^le  and  any  other  important  angle  may  be  doubled:  this  is  the 
surest  check.  If  the  extra  time  required  for  doubling  angles  is  not  war- 
ranted and  it  is  desired  to  use  the  needle  as  a  check,  the  azimuth  method 
is  better  adapted  to  the  purpose,  provided  stations  can  be  occupied  in 
regular  order. 

(6)  Method  of  procedure  when  angles  are  doubled.    The 
£rst  foar  steps  are  the  same  as  ia  the  preceding  method  except 
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that  no  attention  is  paid  to  the  reedle  in  backsighting,  and  a 
permanent  backsight  is  established  in  (2)  instead  of  a  permanent 
foresight  in  (3). 

(5)  Double  the  angle;  record  the  double  value,  and  see  if  it 
agrees  with  the  single  reading. 

(6)  Set  the  A  vernier  at  360°  again,  backsight  as  before,  and 
take  all  side  shots. 

(7)  Set  the  vefnier  at  360°  to  see  if  the  line  of  sight  strikes  the 
hacksigfU. 

221.  Method  of  Procedure  for  Deflection-angle  Method. 

Suggestion.  Use  a  transit  graduated  according  to  the  quad- 
rant method  (see  p.  75),  and  make  sure  that  the  line  of  col- 
limation  is  in  adjustment. 

(o)  Method  of  procedure.  (1)  Set  the  A  vernier  at  0°; 
glance  ai  the  B  vernier  to  see  that  it  is  opposite  180°  (and  the  corre- 
sponding 0°). 

(2)  Backsight;  glance  to  see  if  the  A  vernier  is  still  at  0°;  see 
if  back  bearing  agrees  with  forward  bearing. 

(3)  Test  to  see  if  clamps  are  tight;  plunge;  foresight  imme- 
diately on  the  most  important  point,  usually  the  next  station; 
make  a  mental  note  whether  the  angle  is  "right"  or  "left''; 
establish  a  permanent  foresight. 

(4)  Read  the  angle  from  the  B  vernier,  verifying  the  direction 
(right  or  left)  previously  noted;  record  the  angle,  making  sure  it 
is  in  the  proper  column  '*left^*  or  ''right.*' 

(5)  Read  and  record  the  magnetic  bearing. 

(6)  Calculate  and  record  the  forward  bearing,  and  see  if  it 
agrees  with  the  magnetic  bearing. 

(7)  Take  all  side  shots. 

(8)  Set  the  B  vernier  at  the  original  deflection  angle  and  see  if 
the  line  of  sight  strikes  the  permanent  foresight.     (Double  check.) 

fb)  Additional  suggestions.  (1)  It  makes  no  difTerence  whether  the 
telescope  is  normal  or  inverted  when  backsight  ins  if  the  limb  is  graduated 
in  quadrants  (p.  76).  When,  however,  the  limb  is  graduated  according 
to  the  half-circle  method  (p.  73)  make  it  a  point  to  have  the  telefcope 
inverted  when  backsighting  and  normal  when  foresight ing,  so  as  to  bring 
the  A  vernier  under  the  eyepiece  when  reading  angles  (p.  73).  In  using 
such  a  transit  a  very  valuable  check  is  to  observe  and  record  both  A  and 
B  vernier  readings:  their  sum  should  always  equal  180**. 

(2)  Some  engineers  double  important  angles  instead  of  relying  upon  the 
needle.  This  wso  eliminates  error  in  the  line  of  cc^limation.  (See  p.  100.) 
In  this  case  establish  a  permanent  backsight  in  (2)  instead  of  foresight  in 

(3). 

(3)  When  calculated  bearings  are  kept  the  following  check  may  be  em- 

ployed  z 

Check  on  the  calcuUUed  hearings.  Add  all  angles  to  the  left;  add  all 
angles  to  the  right;  the  difference  of  these  two  sums  applied  to  the  bear- 
ing of  the  firsrt  line  should  give  the  calculated  bearing  of  the  laet  line. 

lUustration.      1-2-N.  42<»  18'  E.      2-3  =  16°  21'  (R.).  3-4=18°  20'.  (U\ 


and  the  bearing  of  6-7  is  S.  78'*  41'  E.     Verify  this  bearing  by  calculating 
it  in  the  usual  way. 
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222.  Method  of  Procedure  for  the  Azimuth  Method. 

Suggestions.  Use  a  transit  graduated  clockwise  from  0®  to 
360°,  and  invariably  read  the  A  vernier.  As  one  advantage  of 
this  method  is  the  ease  with  which  azimuths  are  checked  by 
the  needle,  make  sure  that  the  latter  is  in  good  working  order, 
and  that  proper  precautions  are  taken  in  getting  the  azimuth 
of  the  first  line.     (See  p.  123.) 

(a)  Method  of  procedure,  first  azimuth  method,  p.  121. 
(1)  Glance  at  the  vernier  to  see  if  it  is  stiU  set  at  the  forward  azir 
mvih;  plunge  and  backsight  on  the  preceding  station. 

(2)  Test  to  see  if  the  clamps  are  tight;  plunge;  foresight  on 
the  next  station;  establish  a  permanent  foresight. 

Note.  In  these  first  two  steps  make  it  a  point  always  to  have  the  tele- 
scope inverted  when  backsighting  and  normal  when  foresighting. 

(3)  Read  and  record  the  azimuth;  check  the  azimuth  by  the 
needle  recuiing,  and  record  this  magnetic  bearing. 

(4)  Take  all  side  shots,  checking  one  now  and  then  by  glanc- 
ing at  the  needle. 

(5)  Set  the  vernier  at  the  forward  azimuth  and  see  if  the  line 
of  sight  strikes  the  permanent  foresight.  If,  as  is  usually  the 
case,  the  Une  of  sight  is  slightly  off,  say  the  wid*h  of  the  pole, 
bring  it  on  with  the  upper  tangent-screw,  thus  automatically 
setting  the  vernier  for  the  next  set-up.  The  vernier  reading 
should  still  agree  with  the  forward  azimuth  originally  recorded. 

(6)  Note.  The  same  system  of  checks  may  be  used  for  the  second  azi- 
muth method  (p.  122).  In  the  above  method  of  procedure  any  movement 
of  the  lower  plate  occurring  between  the  backsight  and  the  first  foresight 
to  the  next  station  would  not  be  detected.  The  check  for  this  would  be 
to  set  the  vernier  at  the  azimuth  of  the  preceding  line,  plunge  and  see  if 
the  line  of  sight  strikes  the  backsight.  This  could  be  done  immediately 
after  foresighting  on  the  next  station,  or  it  coulrl  be  deferred  until  after 
the  side  shots  were  taken.  When  doubtful  whether  or  not  the  transit  has 
been  oriented  correctly,  set  the  vernier  at  zero:  the  north  end  of  the 
needle  should  point  to  N.  This  is  only  a  rough  check,  but  it  will  disclose 
any  large  error. 

(c)  Note.  In  beginnirg  the  survey  it  is  necessary  to  decide  which  of 
the  three  methods  to  use  in  obtaining  the  azimuth  of  the  first  line.  (See 
p.  124.)  Unless  a  north-and-south  meridian  is  chosen,  the  advantage  de- 
rived from  using  the  magnetic  needle  as  a  check  is  lost,  and  since  in  the 
ordinary  survey  it  does  not  pay  to  establish  a  true  north-and-south  line  by 
observation,  a  magnetic  north-and-south  line  is  the  reference  meridian 
most  often  used. 

(d)  The  method  of  procedure  for  the  quadrant  method 
(p.  125)  is  simply  a  modification  of  the  method  of  procedure  for 
the  azimuth  method,  and  will  suggest  itself  after  studying  the 
preceding  article. 

223.  Methods  of  Locating  Details  have  been  given  in  the 

preceding  chapter.     The  two  most  used  are  the  method  by 

angle  and  distance  and  the  method  of  offsets^  but  one  of  the 

other  five  methods  can  often  be  used  to  advantage.     The  ac- 
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turacy  required  will  frequently  help  to  determine  which  method 
to  employ.  When,  so  far  as  accuracy  is  concerned,  there  seems 
to  be  no  choice,  it  is  usually  a  question  of  time.  If,  for  exam« 
pie,  the  transitman  is  busy  and  the  chainmen  are  not,  it  may 
save  time  to  locate  a  point  by  some  method  which  does  not 
involve  the  measurement  of  angles.  For  the  same  reason, 
methods  of  locating  details  which  save  unnecessary  *' set-ups" 
of  the  transit  are  often  used.  (See  p.  140.)  Sometimes  the 
surveyor  is  practically  limited  to  one  method,  as,  for  example, 
in  locating  inaccessible  points  by  angles  (p.  137)  or  in  locating 
irregular  lines  (such  as  river  banks)  by  offsets  (p.  139).  Some 
obstacle  to  measurement  or  to  the  line  of  sight  often  compels 
the  use  of  a  method  different  from  the  one  which  would  ordi- 
narily be  used,  as,  for  example,  in  locating  a  point  on  the  fence- 
line  (p.  133).  If  the  student  will  acquire  a  working  knowledge 
of  all  the  methods  of  locating  details  explained  in  the  preced- 
ing chapter,  he  will  soon  learn  by  actual  experience  which 
method  to  chose  in  any  given  case. 

In  locating  any  detail  select  points  which  will  best  serve  the 
pur|K)se.  Thus,  for  example,  in  locating  a  building  choose/ a 
long  side  in  preference  to  a  short  side,  so  that  the  corners  located 
may  be  as  far  apart  as  possible. 

Do  not  locate  points  unnecessarily.  For  example,  do  not 
locate^  both  rails  of  a  track,  but  take  points  on  the  gage-line  of 
one  rail,  and  make  a  note  of  the  gage.*  Sometimes  it  is  better 
to  locate  the  center-line  of  track,  as  is  done  in  staking  it  out. 

In  filling  in  the  details  of  a  survey  it  is  often  a  waste  of  time 
to  take  all  measurements  with  equal  accuracy.  It  is  far  better- 
to  keep  in  mind  what  each  angle  or  distance  will  be  used  for, 
and  measure  it  with  corresponding  accuracy.  Measurements 
required  solely  for  plotting  may  be  taken,  as  a  rule,  with  less 
precision  than  those  needed  for  permanent  record,  and  meas- 
urements taken  to  fix  the  position  of  an  object  are  usually  less 
important  than  measurements  of  the  object  itself.  This  is 
especially  true  if  the  scale  of  the  map  is  small.  Thus,  for  ex- 
ample, suppose  that  several  buildings  stand  on  a  piece  of  land. 
The  map  will  be  plotted  to  a  scale  of  1  inch  =  50  ft.  An  error 
of  i  ft.  in  the  relative  positions  of  the  buildings  will  hardly 
show  on  the  map.  Measurements  made  solely  for  plotting  the 
buildings  and  the  corners  of  the  boundaries  could,  therefore,  be 

^^■^^»  ■■■■■■■  —  ■—         .Mil  ■■       ■  —  I    ■     ■     IM 

♦  The  gage-line  is  a  Jine  on  the  inside  of  the  rail  Y  V>eYov»  \.Yvft  W&% 
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made  to  the  nearest  foot  On  the  other  hand,  if  the  dimenmoiui 
of  the  buildings  and  the  lengths  of  the  boundary-lines  are  to  be 
recorded  on  the  map,  or  are  to  be  preserved  elsewhere  as  a  mat- 
ter of  record,  they  should  be  measured  with  greater  accuracy. 
Rough  measurements  will,  of  course,  suffice  for  indefinUe  de- 
tails, such  as  banks  of  streams  or  stone  walls,  and  for  temporary 
objects,  such  as  walks  and  driveways. 

Locating  street-lines.  In  the  larger  cities  it  is  customary  to 
set  stone  monuments  or  merestones  at  street-comers,  thus  mark- 
ing the  intersection  of  street-lines.  In  smaU  towns,  however, 
and  in  country  highways  the  surveyor  must  often  depend  upon 
existing  fences  or  upon  whatever  information  he  can  gather 
trom  old  maps,  old  landmarks,  and  other  sources.  On  the  other 
hand  it  cannot  be  taken  for  granted  that  existing  fences  are 
on  the  street-lines,  for  it  is  a  common  exp>erience  to  find  that 
they  are  not. 

Practical  ingestions.  (1)  When  a  definite  object  such  as  a  building  is 
located,  remember  that  the  work  is  not  completed  imtil  the  object  is 
"measured  up,"  i.e.,  enough  dimensions  obtained  to  plot  it.  (2)  If  the 
two  ends  of  a  boimdary-Une  are  located,  it  is  a  good  rule  to  measure  the 
actual  length  of  the  line  as  a  check  and  as  a  matter  of  record.  (3)  Tran- 
sitman,  note-keeper,  and  chainmen  must  all  cooperate  to  prevent  the  too 
common  mistake  of  measuring  to  one  point  of  an  object  and  then  through 
cirelessness  taking  the  angle  to  some  other  point  or  vice  versa.  (4)  A 
common  mistake  in  note-keeping  is  to  interchange  the  angles  or  the  dis- 
tances to  two  points  so  that  the  angle  to  one  point  and  the  distance  to 
another  point  are  recorded  as  if  they  were  taken  to  the  same  point.  (5)  In 
measuring  from  a  transit  station  to  a  number  of  near-by  points  it  is  well 
to  have  the  zero  end  of  the  tape  at  the  station.  If  the  tape  is  not  grad- 
uated to  decimals  of  a  foot  throughout,  but  oiily  the  end  foot  is  subdivided, 
the  chainman  who  U  not  at  the  station  will  simply  read  the  whole  number 
of  feet;  the  chainman  at  the  station,  pulling  the  tape  taut,  notes  the  deci- 
mal of  a  foot,  and  after  subtracting  one  foot  from  the  other  chainman's 
reading,  gives  the  final  reading  (p.  34).  C6)  In  taking  a  large  number  of 
sida  shots,  sight  occasionally  at  the  permanent  backsight  to  see  ii  the 
transit  has  been  disturbed.  (7)  Keeo  in  mind  the  relation  between  an- 
gular and  linear  measurement  pointed  out  on  n.  lOS.  Thus,  for  example, 
one  minute  is  equivalent  to  only  0.03  ft.  at  100  ft.  from  the  transit  or 
0.3  ft  at  1000  ft. ;  likewise  one  inch  at  a  distance  of  100  ft.  from  the  tran- 
sit mav  cause  an  angular  error  of  3  minutes,  while  at  1000  ft.  an  inch  is 
equivalent  to  only  15  seconds  (p.  105). 

Questi^m.  If  a  comer  of  a  building  is,  say,  50  ft.  from  a  transit  and  the 
buUding  is  to  be  plotted  to  a  scale  of  1"  =  100  ft.,  can  the  angle  to  the 
corner  be  read  from  the  limb  with  sufficient  accuracy  for  plotting,  ignor- 
ing the  vernier  reading? 

224.  Staking  Out  Work,  i.e.,  setting  stakes  for  construction, 
is  the  reverse  of  locating  objects  which  already  exist;  hence  much 
that  applies  to  the  location  of  details  applies  to  this  kind  of 
work  also.  The  chief  difficulty  that  the  young  surveyor  en- 
counters is  in  knowing  what  stakes  will  be  needed  by  the  con- 
tractor. This  knowledge  is  best  gained  from  long  experience, 
fjx?m  conversations  with  foremen,  and  from  actual  observation 
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of  what  is  actually  needed  in  various  lines  of  construction.  Each 
piece  of  work  is  a  problem  in  itself,  but  a  few  general  suggei^tions 
may  be  given  which  apply  to  nearly  all  kinds  of  work.  In 
Chapter  XVII  a  number  of  examples  of  special  work  in  staking 
out  buildings,  roads,  bridge  piers,  and  other  objects  show  how 
thes^  suggestions  are  earned  out  in  practice. 

General  suggeBtions.  (1)  It  is  better  to  give  a  few  points  which  will 
determine  the  main  lines  of  a  structure  than  to  give  so  many  points  that 
they  are  likely  to  be  confused :  hence  do  not  give  lines  which  tne  foreman 
can  easily  e.<9tablish  for  himseli. 

(2)  Wnere  excavation  is  required  it  is  often  best  to  give  lines  roughly 
at  first  for  digging, — more  accurately  afterwards.     (Art.  265,  p.  208.) 

(3)  Set  stakes  where  they  are  least  Ukely  to  be  disturbed  during  con- 
structi6n,  yet  near  enough  to  the  object  so  that  they  are  convenient  for 
use. 

C4)  For  buildings,  masonry  structures,  and  certain  other  kinds  of  work 
where  elevations  as  well  as  lines  are  required,  batter-boards  are  used  in 
place  of  stakes.     (See  Art.  265,  p.  208.) 

(5)  Any  important  point  which,  if  destroyed  during  construction,  could 
not  be  re-established  readily  should  be  referenced  (p.  148).  This  may  often 
be  done  by  setting  nails  or  marking  points  where  lines  prolonged  strike 
neighboring  fences  or  buildings.     (See  Fig.  266(a),  p.  210.) 

(6)  So  far  as  possible  follow  a  uniform  system  of  giving  points,  even  for 
different  contractors:  saves  confusion  in  the  office  and  in  tne  field.  Thus, 
for  example,  in  staking  out  a  long  retaining-wall,  do  not  set  stakes  a  cer- 
tain distance  in  front  of  a  neat  line  at  one  place  and  back  of  it  at  some 
other  place,  but,  if  possible,  set  stakes  at  the  same  distance  on  the  same 
side  of  the  same  neat  line  throughout  the  length  of  the  wall. 

(7)  So  plan  the  location  of  stakes  and  points  that  no  serious  delay  will 
follow  if  one  here  and  there  is  knocked  out  or  covered  up,  or  rendered 
useless  for  purposes  of  sighting  by  intervening  piles  of  material.  One 
method  of  accomnlishing  this  is  to  plan  for  at  least  two  different  ways  of 
arriving  at  or  locating  each  important  point.  In  large  works  ^f  construc- 
tion such  a  plan  is  of  great  advantage,  and  .saves  work  which  would  other- 
wise be  necessary  in  referencing  points. 

(8)  A  sketch  in  the  field  notes  should  show  the  location  of  all  important 
stakes  and  reference  points  so  clearly  that  they  can  be  found  and  used 
\y  a  surveyor  who  did  not  see  them  set. 

(9)  Have  some  good  system  of  marking  the  stakes  themselves,  one 
readily  understood  by  the  contractor.  Suggestions  for  marking  grade- 
stakes  will  be  found  in  the  chapter  on  Leveling, — Field  Work. 

225.  Field  Notes.  In  the  next  chapter  some  of  the  forms 
of  field  notes  used  in  transit  surveying  are  given,  and  the  dif- 
ferent methods  of  keeping  notes  are  discussed.  It  is  not  so 
important  which  method  is  used  as  it  is  essential  that  the  notes 
be  clear  and  self-explaining,  so  that  any  intelligent  draftsman 
can  plot  them.  There  is  little  excuse  for  notes  so  obscure  and 
confused  that  only  the  man  who  took  them  can  understand 
them. 

226.  Errors  and  Limits  of  Error.  To  come  within  a  given 
limit  of  error  in  transit  surveying  both  linear  and  angular  errors 
must  be  under  control  within  fixed  limits.  The  most  important 
points  brought  out  in  the  discussion  of  errors  (Chapters  II,  V, 
and  X)  may  be  summarized  as  follows: 
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1.  The  true  error  of  any  measurement  is  never  known,  but 
it  can  be  estimated  from  the  discrepancy  between  duplicate 
measurements  or  from  probable  errors.  The  more  completely 
constant  errors  are  eliminated  the  moro  nearly  can  the  precision 
of  the  work  be  estimated. 

2.  Accidental  or  compensating  errors,  as  a  rule,  are  less  mi« 
portant  than  constant  or  cumulative  errors. 

3.  Not  only  should  the  methods  of  ehminating  or  correcting 
errors  from  different  sources  be  understood,  but  the  relative 
importance  of  the  errors  should  be  known  also.     (Art.  69,  p.  43.) 

4.  Field-work  requirements  corresponding  to  the  a&pted 
limitoferrorshoulJbokept  in  mind.     (Art.  76,  p.  51.) 

5.  Consistent  accuracy  implies  the  correlation  of  linear  and 
angular  errors.     (Art.  152,  p.  109.) 

6.  Customary  limits  of  error  should  be  adopted  so  far  as  the 
conditions  governing  a  survey  will  permit,     (p.  46  and  p.  103.) 

7.  Not  all  the  work  of  a  survey  is  done  with  the  same  pre- 
cision. For  example,  an  error  in  the  tr.insit  lines  affects  the  whole 
survey,  while  an  error  in  locating  a  detail  may  only  affect  a 
single  point;  hence  the  greater  need  of  precision  in  running 
transit  hnes.  Make  the  accuracy  of  each  step  in  the  field  work 
correspond  to  its  importance. 

8.  Limits  of  error  should  not  be  followed  blindly.    The  best     I 
surveyor  is  not  he  who  does  all  his  work  with  great  precision, 
but  he  who  does  it  just  accurately  enough  for  the  purpose  with- 
out waste  of  time  and  money. 

227.  Permissible  Error  of  Closure.  (See  Art.  176,  p.  119, 
for  definition.)  Let  Z=the  difference  between  the  sums  of  the 
north  and  south  latitudes,  and  d  the  difference  between  the 
sums  of  the  east  and  west  departures,  found  by  the  methods 
explained  in  the  chapter  on  Latitudes  and  Departures,  Part  II; 
then  the  error  of  closure  E=\/P+d^.    This  error  is  usually 

expressed  as  a  ratio  -^,  where  P  is  the  total  length  of  the*  pe- 
rimeter. For  ordinary  transit  work  this  ratio  should  seldom  be 
more  than  1 :  1000,  and  in  city  work  should  average  not  less  than 
1 :  5000.  In  some  cities  the  limit  is  from  1 :  10  000  to  1 :  15000 
for  precise  traverses  with  repeated  angles.  This  is  probably  as 
high  a  degree  of  precision  as  should  be  required  in  traverses  run 
with  a  transit  and  steel  tape. 

A  general  formula  may  be  derived  as  follows:    Let 
iV  =  number  of  sides  to  the  polygon,  al?o  number  cf  interior  angles; 

c  =  coefficient  of  chaining  adopted  foe  one  tape-length; 
Ee  =  th&t  part  of  the  error  of  closure  due  to  chaining; 
Ea=    "       *'    '*    "      **     **       **        **    **  angular  measuremr-nt; 

t  =  length  of  tape ; 

a  —permissible  error  in  one  angle. 
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EVom  Art.  71t  P*  4^ 

^c-cViV-cVj (1) 

The  error  for  any  one  side  due  to  angular  measurement  will  be  propor- 
tional to  the  length  of  that  side  and  hence  for  the  whole  perimeter  it  will 
be  the  total  an^^dar  error  times  the  length  of  the  perimeter.  But  from 
p.  110  the  total  error  in  the  sum  of  the  interior  angles  may  be  expected  to 

be  a\/Jf;  hence  Ea^a\/NXP.  Since  an  angular  error  of  one  minute-" 
0.0003  ft., 

^«  =  0.0003aP\/^. (2) 

The  error  from  the  combined  sources  from  the  theory  of  errors  may  be 
the  square  root  of  the  sum  of  the  squares  of  the  separate  probable  errors, 
p.  18;  henoe 

^  =  r  (0.0003aP)2iV  +  c2y. (3) 

In  ordinarsr  chaining  the  second  term  under  the  radical  is  so  small  that 
it  may  be  ignored  and  formula  (3)  then  reduces  back  to  formula  (2),  in 
which  form  it  is  usually  used. 

^-0.0003aPV^. (4) 

lUttsiTaiion.  Suppose  that  the  permissible  error  for  one  angle  is  1ft" 
or  \  minute ;  that  the  total  length  of  the  perimeter  of  a  ten-sided  polygon 
is  4000  ft.     The  error  of  closure  should  not  exceed 

0.0003  X  i  X  4000  X  \/lO  =  .9i>  ft. 

228.  The  Duties  of  the  Different  Members  of  a  Transit 
Party  depend  upon  the  number  of  men  in  the  party.  In  class 
work,  if  the  party  is  composed  of  five  men  the  duties  may  be 
outlined  as  follows: 

The  Chief  of  Party  plans  the  survey  and  directs  the  field 
work.  Oftentimes  in  addition  he  acts  as  transitman  or  as  note- 
keeper.  He  should  thoroughly  understand  the  advantages  and 
disadvantages  of  the  different  methods  of  running  transit  lines 
(Chapter  XII  and  Art.  217),  and  be  able  to  choose  wisely  be- 
tween the  different  methods  of  locating  details  (Chapter  XIII 
and  Art.  223).  He  should  be  familiar  with  the  customary 
limits  of  error,  and  with  the  sources  and  relative  importance  of 
errors  (Chapters  II,  V,  and  X;  also  Art.  226).  In  class  work 
the  instructor  necessarily  decides  most  of  the  questions  which 
are  suggested  above,  but  he  should  discuss  with  the  students 
the  reasons  which  influence  him  in  his  decisions. 

1.  The  Note-keeper  often  acts  as  chief  of  party,  and  in 
addition  to  directing  the  field  work  keeps  the  field  notes  in  the 
party  note-book.  During  the  early  part  of  the  course  he  should 
also  read  ^ach  angle  as  a  check  on  the  work  of  the  transitman. 
Read  Chapter  III  for  general  directions  ^nd  consult  Chapter 
XV  for  the  different  forms  of  transit  notes.    Pa,^  '^^\\\«,\3\ajt 
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attention  to  Special  Directions  for  Class  Work,  p.  30.  1 
position  of  note-keeper  is  a  responsible  one,  and  upon  his  ale 
ness  and  his  ability  to  keep  good  notes  will  depend  to  a  lai 
extent  the  value  of  the  work  done  by  the  whole  party. 

2.  The  Transitman  is  responsible  for  aU  woric  done  w: 
the  transit;  £tlso  responsible  for  any  injury  done  to  the  insti 
ment  either  while  in  use  or  while  being  carried  from  one  pk 
to  another.  The  transitman  must  not  leave  the  transit  standi 
ungttarded.  The  use  of  the  transit  is  explained  in  Chapter  I 
Particular  attention  is  called  to  the  following  articles: 

1.  Caution — to  prevent  injury  to  the  transit,  p.  84. 

2.  Use  of  the  Telescope — focusing  eyepiece,  getting  line  of  sight  quid 
etc.,  p.  85. 


3.  Setting  up  the  Transit — hints  for  setting  up  quickly^  pp.  86-89. 

of  Clamps — warning  against  using  wrong  clamps,  p  91. 
5.  Method  of   Double  Reverse — to   prolong  a  straight   fine  accurate 


p.  92. 

6.  Lining  In — sighting  chainmen  or  flagman  in  fine,  setting  transit  s 
tions,  p.  91. 

7.  Measuring  HorizorUal  Angles — different    methods,  pp.  93-95.     I 
particular  attention  to  hint  6,  p.  95. 

8.  Measuring  Angles  by  Repetition — especially  doubling  an  angle,  p. 

9.  Recuting  Angles — use  of  vernier  and  common  mistakes,  pp.  96-97. 

10.  Reading  Bearings,  p.  101. 

11.  The  Sources  and  Relative  Importance  of  Errors  in  Angular  Measu 
ments  (Chapter  X). 

12.  Suggestions   for  Running   Transit  Lines — precautions  and  chec 
p.  152. 

13.  Methods  of  Procedure  in  Running  Transit  Lines — to  avoid  blunde 
p.  153. 

14.  Care  and  Adjustment  of  the  Transit  (Part  III). 

3  and  4.  The  Chainmen  are  responsible  for  the  measureme 
of  all  distances.  In  addition  they  may  be  called  upon  to  gi 
sights,  drive  stakes,  assist  in  setting  up  the  transit,  and 
help  in  other  ways  to  carry  on  the  field  work.  They  are  also  he 
responsible  for  any  injury  to  the  tape.  Directions  for  chaici; 
are  given  in  Chapter  IV.  Special  attention  is  called  to  the  f< 
lowing  articles: 

1.  Care  of  the  Steel  Tape — to  prevent  bends,  breaks,  and  rust,  p.  31. 

2.  To  Do  Up  and  Undo  a  Tape — in  a  figure  8,  p.  31. 

3.  Oeneral  Method  of  Chaining — p.  33. 

4.  Precautions  to  avoid  error  in  reading  odd  feet  and  tenths  of  fe 
note  (c),  p.  34. 

5.  Setting  Chain-pins — directions  to  insure  accuracy,  p.  35. 

6.  Chaining  on  a  Slope — especially  the  second  method,  p.^  36. 

7.  Sources  of  Error,  methods  of  correction  and  elimination,  Chapter 
especially  the  rule  for  the  correction  of  errors  in  the  length  of  the  taj 
p.  40,  and  the  correction  for  temperature,  p.  40. 

8.  Relative  Importance  of  Sources  of  Error — p.  43. 

9.  Customary  Limits  of  Precision,  and  the  field-work  requirements  a 
responding  to  different  limits,  pp.  44-53. 

10.  Summary — of  things  which  the  chainmen  should  do  and  abould  D 
(fo,  p.  37- 
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5.  The  Axeman  or  Flagman  drives  the  stakes  for  transit  sta- 
tions, marks  the  guard-stakes  and  sets  them,  holds  the  transit- 
pole  or  pencil  for  backsights  and  foresights,  and  clears  the  way 
through  imderbrush,  when  necessary,  for  the  line  of  sight. 

1.  For  the  method  of  establishing  a  transit  station,  read  Art.  207,  p.  146. 

2.  For  the  method  of  marking  and  setting  a  guard-stake,  read  Art.  208, 
p.  147. 

3.  In  holding  a  transit  pole  be  sure  that  it  is  plumb.  Stand  squarely 
behind  it,  and  using  both  hands,  suspend  it  so  that  it  wUl  swing  freely 
imtil  it  becomes  plumb,  then  keep  it  there.  Oftentimes  the  vertical  edge 
of  a  b*iilding  or  some  other  fixed  vertical  line  will  aid  in  keeping  the  pole 
plimb. 

4.  There  is  a  knack  in  driving  a  stake  plumb;  acquire  it.  Use  a  broad 
flat-headed  hand-axe,  and  strike  squarely  to  |3revent  brooming.  When  a 
stake  begins  to  get  out  of  plumb  do  not  bring  it  back  by  striking  one  side 
of  it,  but  "draw"  it  over  by  striking  it  on  the  heaii  with  a  peculiar  blow, 
in  which  th6  axe-head  moves  towards  the  body  as  it  hits  the  stake ;  if  the 
stake  is  not  too  far  down,  pull  it  over  with  one  hand  while  using  the  axe 
with  the  other. 

Remark.  Surveyors  complain  that  axemen  are  either  cai»less  in  driv- 
ing stakes  or  that  they  do  not  know  how — a  constant  source  of  annoyance. 

5.  If  a  backsight  or  foresight  is  wanted  at  a  station  where  another  tran- 
sit is  set  up,  hold  a  handkerchief  behind  the  plumb-bob  lihe,.keep  the  bob 
from  swinging;,  and  see  to  it  that  members  of  the  other  party  are  not  in 
the  line  of  sight.  Another  way  of  giving  a  sight  in  such  a  case  is  to  hold 
a  pencil  on  too  of  the  center  of  the  transit  telesco^. 

6.  Do  not  "come  In"  from  giving  a  sight  until  signaled  to  do  so.  Have 
ss  clear  imderstanding  in  regard  to  signals,  p.  146. 


CHAPTER  XV 

TRANSIT  SURVEYING— FIELD  NOTES 

In  the  first  part  of  this  chapter  three  general  methods  of  keepinff  the 
field  notes  for  a  transit  surve:^  are  discussed,  and  those  things  wnicA  are 
essential  to  good  transit  not^  in  any  form  are  pointed  out.  In  the  second 
part  of  the  chapter  several  methods  of  keeping  notes  are  illustrated  by 
reproductions  of  actual  field  notes.  A  study  of  these  notes  should  also 
result  in  a  clearer  idea  of  how  the  methods  of  running  transit  lines  (Chap- 
ter XII)  and  of  locating  details  (Chapter  XIII)  are  appUed  in  actual 
field  work.  The  comments  accompanying  the  illustrations  are  intended 
to  lead  the  student  to  a  comparison  of  the  different  methods  of  field  work 
and  of  keeping  notes,  so  that  ultimately  he  will  be  better  prepared  to 
choose  methods  for  himself,  modify  them,  combine  them,  or  devise  new 
ones  especially  adapted  to  any  work  he  may  have  in  hand. 


229.  Different  Methods  of  Keeping  Field  Notes.    There 

are  many  forms  of  field  notes  in  common  use,  some  adapted 
to  one  kind  of  field  work,  others  to  other  kinds.  The  best 
method  of  keeping  notes  for  a  given  piece  of  work  is  a  matter 
of  opinion,  and  an  experienced  surveyor  is  likely  to  use  his 
own  method, — one  which  is  'Hhe  survival  of  the  fittest."  Any 
system  may  be  used  which  results  in  a  clear  and  accurate  record 
of  the  field  work  without  wasting  time.  A  fonn  of  notes,  how- 
ever, which  saves  time  in  the  field  but  wastes  it  when  it  comes 
to  plotting  is  not,  ordinarily,  an  economical  form  to  use,  al- 
though occasionally  it  may  be. 

It  is  well  to  use  a  system  which  can  be  modified  to  suit  t^if- 
ferent  methods  of  field  work.  Thus,  for  example,  in  the  second 
part  of  this  chapter  there  is  given  a  form  of  notes  which  not 
only  can  be  adapted  to  any  one  of  the  four  methods  of  running 
transit  lines,  but  which  can  also  be  easily  modified  to  suit  dif- 
ferent kinds  of  surveys,  such  as  a  stadia  survey,  a  compass  sur- 
vey, or  a  transit  survey.  Having  once  become  famihar  with 
some  such  method  of  keeping  notes,  it  is  an  easy  matter  to 
adapt  oneself  to  any  other  method  when  it  becomes  necessaiy. 

164 
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230.  Notes  Pertaining  to  tlie  Transit  Lines  should  be  dis- 
tinguished from  all  other  notes  because  the  transit  lines  are 
usually  plotted  first  and  details  afterward.  The  field  notes 
may  be  divided  into  two  parts,  viz.:  (1)  those  pertaining  to  the 
location  of  transit  stations,  and  (2)  those  pertaining  to  all 
other  points.  When  transit  lines  are  run  before  details  are 
taken  (Art.  193,  p.  132)  transit-line  notes  maybe  kept  by  them- 
selves in  compact  form.  When,  however,  details  are  taken  as 
fast  as  transit  stations  are  established  the  transit-line  notes  are 
not  kept  separate,  but  are  scattered  along  mixed  with  other 
notes.  In  that  case  the  notes  should  be  kept  in  such  a  way  that 
those  pertaining  to  the  transit  line  can  be  picked  out  without 
any  trouble  when  it  comes  to  plotting.  One  way  is  to  letter  all 
transit  stations  and  number  all  other  points.  Another  way  is 
to  enclose  transit  stations  in  a  triangle  or  circle.  Still  another 
way  is  to  keep  transit-line  notes  in  a  separate  column  by  them- 
selves.    (See  Form  3,  p.  172.) 

231.  Three  General  Forms  of  Notes.  There  are  two 
methods  of  keeping  notes  which  are  radically  different,  viz.: 
(1)  The  method  in  which  all  measurements  of  angles  and  dis- 
tances are  indicated  on  a  sketch;  (2)  The  method  in  which  no 
sketch  is  used,  but  measurements  are  recorded  in  some  tabular 
form.  The  latter  method  can  be  used  only  where  compara- 
tively little  description  of  the  survey  and  its  details  is  neces- 
sary. (3)  A  third  method  is  a  combination  of  the  other  two  in 
which  some  of  the  data  are  recorded  on  a  sketch,  and  the  re- 
maining data  are  tabulated.  This  combination  method  is,  per- 
haps, the  one  most  used. 

232.  The  Tabulated  Form  of  Notes  without  a  Stretch 
can  be  used  to  advantage  for  transit-line  notes  when  kept  by 
themselves,  or  for  recording  a  number  of  measurements  to 
points  or  objects,  all  of  which  can  be  described  just  as  well  with- 
out a  sketch.  In  most  cases,  however,  a  sketch  is  the  easiest 
way  of  making  clear  the  details  of  a  survey.  A  number  of 
tabulated  forms  are  illustrated  in  Art.  241,  pp.  169-175. 

233.  The  Stretch  Method  lor  Field  Notes.  When  it  can 
be  done  without  crowding,  thei'e  is  probably  no  better  way  of 
keeping  field  notes  than  by  making  a  free-hand  sketch  with 
all  angles  and  distances  entered  directly  upon  the  sketch.  The 
diflSculty  with  this  method  is  that  a  sketch  made  on  the  page 
of  an  ordinary  field  note-book  will  often  be  too  smaW  to  ^ton\^'& 
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for  all  the  measurements  in  large,  clear  figures.    In  that  case 
it  is  better  to  resort  to  the  combination  method. 

It  is  not  customary  to  draw  the  sketch  to  scale;  indeed  it  is 
usually  necessary  to  exaggerate  certain  portions  of  it  to  make 
room  for  recording  measurements.  In  some  forms  of  notes  no 
attempt  is  made  to  sketch  outlines  as  they  appear  on  the  ground. 
For  example,  a  crooked  highway  appears  in  the  sketch  as  per- 
fectly straight.    (See  Illustration  VI,  p.  187.) 

234.  The  Combination  Method  of  Keeping  Field  Notes, 
in  the»opinion  of  many  surveyors,  is  the  best  all-around  method. 
A  sketch  can  be  made  on  one  page  and  such  measurements  as 
cannot  conveniently  be  placed  on  the  sketch  itself  can  be  re- 
corded on  the  opposite  page  in  some  one  of  the  tabulated  forms 
in  common  use.  As  far  as  possible  it  is  well  to  put  actual  di- 
mensions and  oflFsets  on  the  sketch,  while  angles  and  the  cor- 
responding distances  used  for  locating  points  are  put  oii  the 
opposite  page.  For  example,  if  a  house  is  shown  in  the  sketch 
it  is  usually  well  to  put  dimensions  of  the  house  on  the  sketch 
itself,  while  angles  and  distances  taken  to  locate  the  'comers 
of  the  house  are  given  on  the  opposite  page.  (See  Illustration 
III,  p.  180.) 

Points  on  the  sketch  are  numbered  or  lettered  when  it  is  neces- 
sary to  refer  to  them  in  the  tabulated  form  on  the  opposite 
page.  When  it  can  be  done  readily  it  is  well  to  number  points 
in  order;  for  example,  the  first  one  sighted  at  as  the  telescope 
is  turned  from  the  backsight  is  1,  the  next  2,  and  so  on.  (See 
p.  134.) 

235.  When  should  the  Notes  Read  from  the  Bottom  of 
the  Page  up?  In  railwtiy  surveys  or  highway  surveys  or 
surveys  of  a  similar  character  it  is  more  convenient  to  record 
the  notes  fr^m  the  bottom  of  the  page  up.  This  is  especially 
true  if  the  sketch  method  is  used,  otherwise  the  note-book  must 
be  held  upside  down  to  bring  the  points  in  the  sketch  in  accord 
with  the  points  which  they  represent  on  the  ground.  The  gen- 
eral rule  in  making  a  sketch  is  to  hold  the  book  with  its  top 
toward  the  next  transit  station,  and  if  a  tabulated  form  on  the 
left-hand  page  is  used  in  connection  with  the  sketch,  this  will 
read  from  the  bottom  up  to  correspond.  (See  Illustration  V, 
p.  184.)  On  the  other  hand,  in  the  notes  of  a  closed  survey, 
where  the  entire  sketch  is  on  one  page,  it  may  be  more  con- 
venient  to  tabulate  the  corresponding  notes  on  the  opposite 
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page^  so  that  they  will  read  from  the  top  down.     (See  Illustra- 
tion I,  p.  176.) 

236.  What  should  the  Field  Notes  Include?  In  taking 
notes  it  is  well  to  keep  in  mind  (1)  what  will  be  needed  for 
plotting,  and  (2)  what  it  may  be  well  to  have  in  the  note-book 
even  though  it  may  not  be  necessary  for  plotting.  Measurements 
of  angles  and  distances,  sketches  and  explanatory  notes  are  of 
uje  in  plotting,  while  the  date  of  the  survey,  names  of  the  men 
in  the  party,  transit  used,  weather  conditions,  and  notes  indi- 
cating methods  of  work  may  be  of  value  as  a  mere  matter  of 
record.    Common  sense  should  guide  one  in  this. 

In  ordinary  work,  for  example,  the  temperature  is  not  re- 
corded because  there  is  no  need  of  it,  but  in  precise  surveying 
it  18  recorded  because  corrections  for  temperatui-e  are  to  be  made. 
A  note  which  gives  the  methods  used  in  a  survey  may  indicate 
the  limits  of  error,  and  if  there  is  a  chance  that  such  informa- 
tion will  be  needed,  it  should  be  given  in  the  notes,  but  in 
the  majority  of  cases  ^it  will  not  be  needed.  On  the  other 
hand  the  title  of  the  survey,  the  date,  and  the  name  of  the  man 
in  charge  of  the  party  ought  to  appear  in  the  notes  of  eveiy 
survey. 

237.  Allow  Plenty  of  Room  •  do  not  Crowd  the  Notes. 
Make  sketches  larger  if  anything  than  may  teem  necessary. 
Usually  there  will  be  more  dimensions  to  put  on  tho  sketch 
than  will  at  first  appear;  make  a  generous  allowance  for  this. 
Especially  those  portions  qf  a  sketch  where  most  of  the  meas- 
urements are  to  be  shown  should  be  large  and  open  so  that  small 
crowded  figures  may  be  avoided.  "Buildings,  for  example,  should 
be  sketched  large  enough  to  provide  for  dimensions.  If  a  fence 
is  located  by  offsets  from  a  building,  make  the  fence  in  the 
sketch  far  enough  away  so  that  the  offsets  may  be  recorded  in 
clear  figures,  no  matter  how  near  to  the  building  the  fence  really 
is.  Do  not  try  to  put  too  much  on  one  page;  use  several  pages 
if  necessary  for  different  parts  of  a  sketch.  Note-hook  paper  is 
cheap  compared  with  time  wasted  in  deciphering  crowded  notes. 

In  tabulated  forms  it  is  better  to  skip  every  other  line  when 
there  is  room,  thus  leaving  space  for  corrections. 

238.  Repeating  Notes  on  Different  Pages.  When  tabu- 
lated notes  extend  over  two  or  more  pages  it  is  customary  to 
repeat  on  one  page  enough  of  the  notes  from  the  precedvtv^ 
page  to  niake  the  whole  continuous.     Usually  tYvia  vcvfe^xva  «vhv- 
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ply  to  copy  the  preceding  transit  station  (number  or  letter)  and, 
perhaps,  a  transit-line  angle  and  distance. 

239.  General  Sketch  of  Transit  Lines.  When  a  sunrey  is 
more  or  less  extended  and  the  transit-line  notes  are  scattered 
through  several  pages,  it  is  a  good  plan  to  start  a  sketch  of  all 
the  transit  lines  on  one  of  the  first  pages.  This  sketch,  which 
should  be  completed  as  fast  as  the  field  work  progresses,  will 
show  the  relative  positions  of  the  different  transit  stations  and 
will  prove  especially  useful  if  there  is  a  more  or  less  intricate 
network  of  transit  lines.  It  is  not  necessary  to  enter  any  meas- 
urements on  this  sketch  at  least  until  the  notes  are  ''worked 
up"  preliminary  to  plotting. 

240.  Five  Things  to  Make  Clear  in  any  Form  of  Transit 
Notes. 

Linear  Measurements.  (1)  Between  which  two  points  each 
measurement  was  taken. 

Angles.  (2)  At  which  station  the  transit  stood  when  an  angle 
v/as  measured. 

(3)  Which  station  or  point  was  used  for  a  backsight. 

(4)  In  which  direction  (right  or  left)  the  angle  was  measured. 

(5)  To  which  p>oint  as  a  foresight  the  angle  was  taken. 
Illustration.     A  point  2  in  a  transit  survey  was  located  from  a 

transit  line  AB  by  an  angle  of  45*^  and  a  distance  of  30  feet. 
In  order  to  plot  the  point  2  the  notes  must  make  clear  whether 
the  angle  was  taken  at  A  or  at  B.  If  taken  at  By  then  A  must 
be  entered  as  a  backsight,  the  direction  in  which  the  angle  was 
measured  must  be  understood,  and  finally  2  must  be  recorded 
as  a  foresijht.  Should  the  notes  fail  to  make  clear  any  one  of 
these  points,  a  serious  mistake  might  be  made,  as  illustrated  in 
Art.  1G7,  p.  117.  It  is  especially  irritating  to  find  an  angle 
or  distance  given  in  the  notes  and  yet  not  be  able  to  plot  it. 

If  the  sketch  method  is  used  and  all  distances  and  angles  are 
indicated  on  the  sketch  exactly  where  they  belong  (see  Illus- 
tration IV,  p.  183),  misunderstandings  are  not  likely  to  occur  in 
plotting — a  strong  argument  in  favor  of  the  sketch  method. 
In  all  tabulated  forms  the  five  points  noted  above  must  be 
made  clear  by  the  column-headings,  by  the  system  of  notation, 
and  by  explanatory  notes  and  sketches,  if  necessary. 

In  an  office  where  the  methods  of  keeping  notes  and  of  taking 

angles  are  always  the  same,  much  in  the  notes  may  be  taken 

for  granted.     For  example,  if  it  is  customary   to  measure  all 
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angles  clockwise,  it  is  not  necessary  to  record  the  direction  in 
which  angles  are  measured.  It  is  well,  however,  to  print  once 
for  all,  near  the  beginning  of  a  set  of  notes,  some  such  note  as: 
**All  angles  taken  to  the  right  from  a  backsight  on  the  preceding 
station,'*     (See  Illustration  I,  p.  176.) 

Suggestions.  In  order  to  make  sure  that  everything  in  the 
notes  is  clear  and  unmistakable  try  to  put  yourself  in  the  posi- 
tion of  a  man  in  the  ofRce  who  is  not  at  all  familiar  with  the 
ground  covered  by  the  survey,  and  as  you  take  the  notes  exam^nr 
them  critically  from  his  point  of  view,  keeping  in  mind  whac 
the  notes  will  be  used  for  and  asking  yourself  continually  the 
question:  "Will  this  bo  clear  to  the  man  in  the  office?"  Even 
though  you  expect  to  plot  the  notes  yourself,  remember  that 
things  which  seem  perfectly  clear  to  you  while  you  are  record- 
ing the  notes  may  become  very  obscure  and  indefinite  by  the 
time  you  begin  plotting  them.  It  is  a  poor  note-keeper  who 
can  plot  his  notes  only  "while  they  are  hot." 

Reread,  from  time  to  time,  the  general  suggestions  for  keep- 
ing notes  given  in  Chapter  III. 

Study  the  forms  of  field  notes  given  in  the  next  article,  noting 
the  advantages  and  disadvantages  of  each  method.  Study  also 
the  actual  field  notes  reproduced  on  pages  175-189,  noting  care- 
f-..lly  all  the  httle  devices  and  methods  for  making  the  notes 
clear  and  unmistakable.  The  best  way  to  study  these  notes  is 
to  plot  them.     (Sec  p.  175.) 

241.  Different  Forms  of  Tabulated  Field  Notes.  When 
the  usual  form  of  field  note-book  is  used  it  is  customary  to  keep 
the  tabulated  notes  on  the  left-hand  page,  which  is  ruled  in  six 
columns  for  that  purpose.  Sketches,  if  there  are  any,  are  made 
on  the  right-hand  page,  which  is  cross-lined  and  can  be  used  as 
plotting-paper  if  desired.  Several  of  the  forms  for  tabulating 
notes  are  given  here.  In  most  cases  each  form  would  be  accon.- 
panied  by  an  explanatoiy  sketch  on  the  opposite  page,  but  for 
the  present  these  sketches  are  omitted.  The  column  headings 
and  two  or  three  lines  of  notes  for  each  form  will  illustrate  the 
different  methods,  llie  style  of  lettering  used  in  these  illr.p- 
trations  and  in  the  reproductions  of  the  field  notes  which  follow 
is  the  free-hand  single-stroke  system  explained  on  pages  24-30. 
Those  forms  which  read  from  the  top  of  the  page  down  may 
easily  be  modified  to  read  upward  if  desired. 
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Form  1 


Angle 

Va/ue 

Line 

Length 

BCD 

8r29' 

CD 

280,1 

BC2 

mV4' 

C2 
3-4 

85.8 
40.0 

Interpretation,  Backsight  at  Statioa  B,  transit  at  Station  C, 
fon^^ight  at  Station  D,  angle  ==89°  29^,  and  distance  from  C  to 
D  =  280M.  Same  backsight,  same  transit  station,  the  angle  to 
some  point  2  (not  a  transit  station)  is  112°  14',  distance  from  C 
to  2=83'.8.  No  angles  taken  to  points  3  and  4,  distance  be- 
tween them  is  40'.0.  In  this  instance  letters  are  used  for  transit 
stations,  numerals  for  all  other  points.  Corresponding  letters 
and  numerals  on  a  sketch  (not  shown  here)  on  the  opposite  page 
of  the  note-book  complete  the  notes.  All  angles  are  taken  to 
the  right.  For  a  more  complete  illustration  see  Illustration  I, 
p.  176. 

Advantages,  A  simple  and  natural  method  of  tabulating  an- 
gles  and  distances.  Easy  to  use  in  the  field  and  not  likely  to 
be  misunderstood  in  plotting.  When  a  system  of  transit  lines 
is  established  first,  and  objects  located  afterward,  this  form 
is  a  very  good  one  for  the  transit-line  notes,  especially  if  there 
is  a  network  of  transit  lines. 

Disadvantages,  The  method  of  giving  an  angle  is  not  self- 
explaining.  A  note  should  make  clear  once  for  all  that  the 
middle  letter  is  the  vertex,  the  first  letter  the  backsight,  and 
the  last  letter  the  foresight.  This  order  is  easily  remembered 
since  the  backsight  (first  letter)  is  the  first  point  sighted  at, 
and  the  foresight  (last  letter)  is  the  kist  point  sighted  at  in 
measuring  an  angle.  When  stations  are  numbered  instead  cf 
lettered  the  method  may  become  cumbersome,  especially  if 
there  are  pliLS  stations.  It  would  be  awkward,  for  example;  to 
give  an  angle  thus:   (21  + 14)  (24  +  30)  (30  +  25).  ^ 
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|. 


Form  2 


f    '' 

insit  at 

Sta.  C. 

t?ad(sight 

on  Sta.  B 

Foresight 

Angle 

Une 

Length 

D 

8^29' 

CD 

280J 

>t 

2  ^ 

//2*»  /4' 

C2 
3-4 

83.8 
40,0 

Interpretation.  This  form  differs  from  the  preceding  form  in 
only  one  particular:  the  station  at  which  the  transit  stood  and 
the  backsight  are  noted  once  for  all  at  the  head  of  each  set  of 
angles.     The  third  column  can  be  and  often  is  omitted. 

When  magnetic  and  calculated  bearings  are  kept  the  last  two 
columns  may  be  used  for  that  purpose,  as  shown  on  p.  174.  As 
in  the  preceding  method  it  should  be  noted  that  all  angles  are 
taken  clockwise  from  the  backsight.  Should  it  be  desired  to 
take  angles  right  and  left,  two  columns  headed  *' Right"  and 
*'Left"  respectively  may  replace  the  single  column  shown  (see 
p.  173) ,  or  else  R  or  L  may  be  written  after  each  angle. 

Advantages.  When  a  number  of  angles  are  taken  at  each  station 
this  form  has,  in  addition  to  the  advantages  of  the  preceding 
form,  the  merit  of  being  self-explaining:  no  doubt  can  arise 
as  to  which  station  is  the  backsight,  which  the  vertex,  and 
which  the  foresight.  Moreover,  the  form  can  be  used  for  plus 
stations.  This  form,  of  some  modification  of  it,  is  a  very  com- 
mon one.  It  is  especially  useful  in  topographic  surveying, 
where  a  large  number  of  side  shots  are  taken  at  each  station, 
and  where  vertical  angles  are  measured.  By  omitting  the  third 
colunm  three  columns  <are  available  for  recording  vertical  angles 
and  corrected  elevations  or  distances. 

Disad'vantages.  When  only  one  or  two  angles  are  taken  at 
each  station  it  becomes  necessary  to  reprint  the  words  *'  Transit 
at  Sta,  — ,  backsight  on  Sta.  — ,"  on  almost  every  other  lina 
In  that  case  Form  1  is  more  compact  and  convenient. 
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Form  3 


Ang/e 


Distance 


44.6 
40.3 


Angle 


l^40''2(r 


0/stance 


83,8 


Sta.B 
510.6 


IrUerpretation.  The  notes  are  to  be  read  from  the  bottom  up. 
All  notes  pertaining  to  the  transit  line  are  put  in  a  column  by 
themselves,  each  distance  inserted  between  the  two  stations  where 
it  was  measured,  each  angle  directly  over  the  station  where  the 
transit  stood  when  the  angle  was  taken,  the  backsight  being  the 
preceding  station  beloiv,  the  foresight  the  next  station  above, 
thus:  Backsight  at  Sta.  B,  transit  at  Sta.  C,  foresight  on  Sta.  D, 
angle =89*"  29',  distance  from  C  to  Z)=  280M. 

All  points  that  are  not  transit  stations  are  clustered  around 
the  station  at  which  the  transit  stood  when  they  were  located. 
Thus  points  1,  2,  3,  and  4  were  located  by  angles  taken  at  C  from 
the  same  backsight  on  B,  and  by  distances  measured  from  C.  An 
explanatory  sketch  on  the  opposite  page  is  implied  in  this  case. 

Remark.  Assuming  that  all  angles  were  measured  clockwise,  the  angle 
40°  30'  indicates  that  point  1  is  on  the  left  of  the  line  CD.  It  would  be  an 
improvement,  therefore,  to  enter  40°  30'  and  2S.1  ft.  in  the  left-hand  col- 
umns: then,  to  be  consistent,  the  measurements  corresponding  to  the 
points  2,  3,  and  4  should  be  entered  in  the  right-hand  columns.  This 
would  be  the  relative  positions  of  the  four  points  if  the  measurements  were 
placed  directly  on  a  sketch.      (See  Illustration  VI,  p.  187.) 

Advantages.  Transit-line  notes  are  separate  from  other  notes. 
In  a  survey  progressing  in  one  general  direction,  as,  for  exam- 
ple, the  survey  of  a  highway,  this  form  is  useful,  especially  if 
combined  with  a  sketch  (as  in  Illustration  VI,  p.  187). 

Disadvantages.  Notes  are  not  self-explaining,  more  or  less 
complicated,  and  not  adapted  to  surveys  where  only  one  or  two 
points  are  located  from  each  station. 
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Form  4 

f 

Angle 

Value 

Line 

Length 

Beating 

a]/9B''44' 

Mag, 

CaL 

CDS 

99''2t 
2}l4d'*SS' 

DE 

4/0,8 

N26''J0'E 

26^*24 

DEF 

74'' 26: 30" 

EF 

328S 

NVS^'ISW 

7r3'30" 

Interpretation.  This  form  is  a  modification  of  Form  1.  Two 
additional  columns  provide  for  magnetic  and  calculated  bearings. 
Thus,  N.  26°  30'  E.  and  N.  26°  24'  E.  are  the  bearings  of  the  line 
DE.  The  notes  indicate  that  the  angles  were  doubled  by  repe- 
tition, every  other  line  being  left  blank  to  provide  space  for  the 
arithmetical  work  of  division.     Notes  read  downward. 

The  advantages  and  disadvantages  are  the  same  as  for  Form  1. 

Form  5.     Deflection  Angles 


F  c 
Sta. 

E 

Defi 
Left 

56''Z4 

?ction 
Right 

Line  to 

F 

Length 
379.4 

E 

4n8' 

1 

38.3 

D 

28V0' 

E 

220.6 

Interpretation.  One  of  the  forms  used  when  deflection  angles 
are  taken  to  the  left  or  right.  Notes  read  from  the  bottom  up. 
For  example,  backsight  at  2),  transit  at  E,  deflection  angle  to 
the  right  of  41°  18'  to  point  1,  distance  from  E  to  1  =  38'.3. 

Advantages.  Right  and  left  deflection  angles  are  in  separate 
oolumns. 

Disadvantages.  If  the  transit  stands  at  any  station  (as  E),  it 
is  assumed  that  the  backsight  is  on  the  preceding  station  below 
(as  D).  This  is  not  self-evident  from  the  notes;  it  is,  however, 
so  well  understood  in  practice  that  the  disadvantage  is  not  a 
serious  one.  The  mistake  most  likely  to  occur  in  using  this 
form  of  notes  is  that  of  entering  an  angle  in  the  ''Left"  column 
when  it  should  be  in  the  ** Right"  column,  or  vice  versa. 
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Form  6.    Deflection  Angles 


Station 
Occupied 

Point 
Sigirtedat 

Deflection 
Angle 

Distance 

Bearing 
i^ag.           CaL 

■h20,6 

a 

^i^'iS'L 

38.3 

^■20.6 

36 

56''24'R 

N36m'E 

36'' 25' 

52. 

32+20.6 

28''iO'L 

N20''0'tV 

iQ^'sg' 

30 

32 

i2''ii'R 

N8''iS'£ 

a^'ti' 

Interprelation.  This  form  is  similar  to  the  preceding  form, 
except  that  deflection  angles  are  kept  in  one  column  instead  of 
in  separate  columns,  the  letters  L  and  R  denoting  whether  they 
are  taken  to  the  left  or  to  the  right.     Notes  read  upward. 

Advantage.  A  column  is  saved  for  some  other  purpose.  Thus, 
for  example,  two  columns  are  left  in  which  magnetic  and  calcu- 
lated bearings  may  be  entered  separately  if  desired. 

Disadvantage.  If  the  letter  R  or  L  is  omitted  in  any  case  it 
may  cause  trouble  in  plotting.  This  is  more  likely  to  occur 
than  the  mistake  of  entering  the  angle  in  the  wrong  column,  in 
the  preceding  form. 

Form  7.    Azimuths 


Line 

Azimuth 

Length 

Mag. 

CD 

m'^iO' 

281.6 

SiOVS'kV 

9 

DE 

280''48' 

310.8 

Ai79*'l5W 

02 

29 n 8' 

28.9 

Interpretation.  This  form  is  a  modification  of  Form  1,  p.  170, 
azimuths  being  recorded  in  place  of  angles.  Magnetic  bearings 
are  also  recorded  as  a  rough  check  on  the  azimuths. 

When  many  azimuths  are  to  be  recorded  at  each  station  a 
modification  of  Form  2.  p.  171 ,  may  be  used,  the  words  ''Transit  at 
Sta.  — "  being  placed  above  each  set  of  azimuths.  Backsights, 
o/  course,  are  not  recorded  in  the  notes. 
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Advantages.  This  form  of  notes  is  so  simple  and  self-explain- 
ing that  it  (or  some  slight  modification  of  it)  is  in  general  use 
for  the  azimuth  method.  It  is  especially  useful  for  stadia  notes 
when  a  large  number  of  points  ara  to  be  located. 

Form  8.     Bearings 

The  form  used  for  notes  when  transit  lines  are  run  by  bear- 
ings (p.  125)  may  be  a  modification  of  Form  7,  simply  substi- 
tuting a  column  of  bearings  as  read  from  the  vernier  for  the 
column  of  azimuths,  and  keeping  the  other  three  columns  as 
they  are. 

242.  Illustrations  of  Field  Notes  In  the  following  pages 
several  sets  of  field  notes  are  given;  they  illustrate  not  only 
different  methods  of  keeping  field  notes,  but  also  different 
methods  of  field  work.  The  size  of  a  page  in  the  ordinary  field 
note-book  is  about  an  inch  wider  and  two  inches  longer  than 
a  page  of  this  book.*  Hence  the  notes  are  shown  correspond- 
ingly reduced,  but  in  other  respects  they  are  like  the  original 
field  notes.  They  should  be  studied  from  two  points  of  view: 
(1)  To  see  how  the  methods  of  Chapter  XII  and  XIII  for 
running  transit  lines  and  locating  objects  are  applied  in  actual 
field  work;  (2)  To  gain  a  clearer  idea  of  how  field  notes  are 
kept. 

The  student  is  urged  to  study  the  notes  and  comments  in  the  order  in 
which  they  are  given  and  with  unusual  care;  They  have  been  chosen 
and  arranged  with  the  hope  that  this  may  prove  one  of  the  most  useful 
portions  of  the  book.  It  must  be  borne  in  miad,  however,  that  for  every 
method  of  running  a  transit  line  or  locating  a  point  given  in  the  notes 
there  is  probably  another  method  equally  good  which  could  have  been 
used  instead.  Moreover,  the  methods  shown  of  keeping  notes  can  be  and 
are  modified  and  changed  to  suit  the  work  in  hand,  and  the  remarks  in 
Art.  229,  p.  164,  should  be  kept  in  mind. 

It  is  suggested  that  a  most  effective  way  of  studying  the  different  illus- 
trations is  to  actually  plot  the  notes.  If  this  can  be  done  before  going 
into  the  field  it  will  be  of  great  assistance  to  the  student  not  only  in  keep- 
ing notes,  but  in  choosing  methods  for  locating  details. 

*  N (He-hooks  can  be  obtained  in  various  sizes  and  ruled  in  various  ways, 
for  different  kinds  of  work      Thus,  for  example,  books  may  be  obtained 
for  topographic  surveying  with  the  right-hand  page  specially  ruled  to  facil- 
itate sketching  the  topography.     The  ruling  is  purposely  omitted  in  the 
reproductions  of  field  notes  shown  in  the  succeeding  pages  of  this  chapter. 

It  sometimes  happens  that  notes  taken  in  the  field  must  be  sent  to  the 
office  from  day  to  day  to  be  plotted,  while  the  party  still  remains  at  woik 
in  the  field.  Duplicate  notes  are  usually  copied  in  this  caf^e.  To  avoid 
the  work  of  copying,  special  note-books  with  detachable  leaves  are  some- 
times UPed,  carbon  paper  being  inserted  in  order  to  obtain  the  duplicate 
sheets  required  for  the  office. 
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Illustration  I 

Comments  on  the  Survey.  This  is  an  illustration  of  a  survey 
to  determine  the  boundary-lines  of  a  building  lot.  Transit  lines 
are  run  at  random  within  a  few  feet  of  the  fence-lines,  but  not 
parallel  to  them.  There  are  four  transit  stations,  and  each  cor- 
ner of  the  lot  is  located  from  the  nearest  station  by  angle  and 
distance.  Notice  that  in  addition  to  transit-line  measurements 
the  length  of  each  boundary-line  was  also  measured,  although  a 
map  of  the  lot  could  have  been  plotted  without  these  four  meas- 
urements. The  four  angles  at  the  comers  of  the  lot  were  not 
measured, — they  can  be  easily  calculated.  See  Art.  216  (d), 
p.  151. 

Since  angles  were  not  doubled  there  was  apparently  no  check 
on  the  work  until  the  last  or  closing  angle  was  measured.  It 
would  have  been  well  to  calculate  bearings  and  check  them  by 
magnetic  bearings  (p.  126). 

While  the  survey  is  complete  in  itself  no  one  line  seems  to  be 
referenced  with  respect  to  permanent  objects,  so  that  if  any 
three  of  the  four  comers  should  become  obliterated  it  would  be 
chWcuJt  to  restore  them.     (See  Art.  260.) 
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Illustration  I 
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Comments  on  the  Notes.  All  data  pertaining  to  transit  lines 
and  to  the  location  of  corners  from  transit  lines  are  tabulated 
on  the  left-hand  page,  according  to  Form  1,  page  170.  Actual 
dimensions,  i.e.,  lengths  of  property  hues,  are  given  on  the 
sketch  on  the  right-hand  page.  In  this  survey  the  data  are  so 
few  that  they  all  could  have  been  put  on  the  sketch  without 
crowding,  and  hence  the  sketch  method  (see  the  next  illustra- 
tion) would  have  been  the  natural  one  to  use.  Notice  the 
method  of  correcting  the  false  entry  of  127.1  ft.  [See  p.  22,  Art. 
35  (5).  ] 

It  would  have  been  well  to  add  a  note  indicating  the  degree 
of  accuracy  with  which  the  survey  was  made,  as  was  done  in  the 
next  illustration. 

If  any  future  use  is  hkely  to  be  made  of  the  magnetic  bearing, 
the  declination  of  the  needle  should  be  given  in  the  notes  if  it 
is  not  already  on  record  in  the  office;  in  any  case  it  should  be 
given  on  the  map. 
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'     Illttstration  II 

Comments  on  the  Survey.  The  lot  surveyed  is  the  same  as 
that  in  the  preceding  illustration.  This  time,  however,  the 
transit  stations  were  chosen  so  as  to  make  each  transit  line 
parallel  to  the  corresponding  boundary-line,  and  any  conven- 
ient distance  away  from  it:  the  angle  at  each  comer  of  the  lot 
is  therefore  equal  to  the  angle  between  transit  lines  at  the 
corresponding  station.  No  angles  are  taken  to  the  comers  of 
the  lot,  but  the  boundary-lines  are  located  by  offsets  from  the 
transit  lines,  and  their  lengths  measured  as  usual. 

The  advantages  of  this  method  are  that  the  boundaries  are 
more  easily  plotted  by  offsets  than  by  angles,  and  the  angle  at 
each  comer  is  known  without  computation.  The  disadvan- 
tages are  in  the  field  work  itself.  It  takes  time  to  get  the  tran- 
sit lines  established  exactly  parallel  to  the  fence-lines  even  if 
there  are  no  obstacles  to  measurements  or  to  lines  of  sight. 
When  there  are  obstacles,  as  there  usually  are,  the  extra  field 
work  involved  is  out  of  all  proportion  to  results  gained.  The 
time  of  the  draftsman  in  computing  "fence  angles"  is  usually 
less  expensive  than  the  time  consumed  by  a  whole  transit  party 
in  measuring  them.     See  Art.  216  (d),  p.  151. 

Comments  on  the  Notes,  This  is  a  simple  illustration  of  the 
sketch  method  of  keeping  notes.  It  has  decided  advantages 
over  the  method  used  in  the  preceding  illustration  when  so 
few  measurements  are  taken.  Extra  care,  however,  should  be 
taken  to  show  very  definitely  where  each  measurement  belongs. 
This  is  accomplished  oftentimes  by  the  use  of  arrow-heads. 
Notice  that  the  distance  between  each  transit  line  and  the  cor-, 
responding  fence-line  is  entered  in  two  places;  this  shows  with- 
out question  that  the  two  are  parallel.  Notice  also  that  the 
distance  between  each  transit  line  and  the  corresponding  fence- 
line  is  greatly  exaggerated  in  the  sketch  to  allow  space  for  re- 
cording the  offset  distances  in  large  clear  figures. 

The  note  telling  what  instruments  were  used  and  the  degree 
of  accuracy  with  which  measurements  were  taken  is  useful  as  a 
matter  of  record,  and  might  have  weight  in  relocating  bounda- 
ries at  some  future  time,  or  in  settling  a  boundary  dispute  should 
one  arise. 
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Illustoa-tion  II 


Survey  of  the  lot  owned  by  E.  F  Blake 
Beacon  St  Dayyille.  Mass. 
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Illustration  HI 

(See  inset  sheet  at  the  end  of  this  chapter.) 

Comments  on  the  Survey,  The  object  of  this  survey  was  to 
locate  the  house,  the  bam,  and  the  property  Imes.  The  first 
step  was  to  estabhsh  transit  stations  where  they  would  be  of 
the  most  use.  (See  Art.  216,  p.  149.)  Station  A  was  chosen  in 
such  a  position  that  the  four  nearest  comers  of  the  house  (i, 
2t  S,  and  4)t  two  comers  of  the  bam  (5  and  6),  and  a  comer  of 
the  lot  (7)  could  all  be  located  from  that  one  station.  Stations 
B  and  C  were  chosen  so  that  the  transit  line  between  them 
could  be  used  for  locating  the  river,  bank  by  offsets.  Comer 
D  was  chosen  in  any  convenient  position  near  the  southwest 
comer  of  the  lot  (11),  where  both  C  and  A  would  be  visible 
from  D,  A  comer  of  the  house  {10)  was  located  from  2>  as  a 
check.  All  points  were  located  by  angles  and  distances  except 
the  point  C  on  CD  and  a  point  on  AB,  54.9  ft.  from  A,  These 
two  points,  one  on  a  line  with  the  front  of  the  bam,  the  other  on 
a.'line  with  the  back  of  the  house,  were  located  by  measurement 
as  indicated  on  the  sketch,  merely  as  a  check.  The  location 
of  C  was  unnecessary^  as  the  point  10  served  as  a  check.  It 
will  be  noticed  that  the  transit-line  angles  were  doubled.  The 
calculated  bearing  was  also  kept,  and  the  magnetic  bearing 
observed  for  each  transit  hne.  This  too,  perhaps,  was  an  un- 
necessary precaution  in  view  of  the  fact  that  the  angles  were 
doubled.  Notice  also  that  each  building  was  ''measured  up," 
and  the  lengths  of  three  boundary-lines  obtsKned.  If  for  any 
reason  the  lengths  of  the  boundary-lines  could  not  have  been 
measured  conveniently,  they  could  have  been  calculated.  (See 
p.  151.) 

The  interior  angles  of  the  transit  lines  happen  to  add  up  to 
360°.  This  does  not  mean  that  no  error  was  made,  for  one  angle 
may  be  a  minute  too  large,  another  a  minute  too  smalL 

The  criticism  on  p.  176  in  regard  to  permanently  referencing 
some  one  line  of  the  survey  applies  in  this  case  also. 

The  transit  lines  might,  perhaps,  have  been  run  to  better  ad- 
vantage close  to  and  outside  of  the  fence-lines,  provided  there  I 
were  no  obstacles.     In  that  case  some  other  method  might  be 
used  for  locating  the  buildings  in  place  of  angles  and  distances. 
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Illustration  III  (Continued) 

I  CommerUB  on  the  Notes,  The  form  used  corresponds  to  Form 
i,  p.  173.  All  angles  with  corresponding  distances  are  tabulated 
on  the  left-hand  page.  All  dimensions  and  offsets  are  given 
directly  on  the  sketch.  DA  is  the  backsight  for  so  many  angles 
that,  instead  of  repeating  the  letters  DA  in  the  first  column,  a 
vertical  line  is  drawn.  A  vertical  line  is  also  drawn  in  the  third 
column  instead  of  repeating  the  letter  A. 

This  is  a  good  illustration  of  combining  the  sketch  and  the 
tabulated  form  to  advantage.  To  put  all  the  angles  and  dis- 
tances directly  on  the  sketch  itself  would  have  required  con- 
fflderable  care  to  avoid  crowding;  that  it  can  be  done,  however, 
Is  shown  in  the  next  illustration. 

The  explanatory  notes,  while  not  as  complete  as  would  be 
required  in  many  cases,  are  sufficient  for  this  particular  sur- 
vey. The  note  giving  the  accuracy  with  which  measurements 
were  taken  is  one  often  omitted,  but,  nevertheless,  it  might 
be  of  considerable  value,  should  any  dispute  arise  concerning 
the  boundary-lines. 

The  mistake  of  entering  162^  12^  for  162^*  42'  was  probably  due 
to  an  error  (afterwards  discovered)  in  reading  the  angle.  (Omit- 
ting the  half-degree,  see  page  77,  Art.  100.)  The  error  in  record- 
ing 40.5  for  60.5  was  also  probably  due  to  careless  field  work 
and  not  to  careless  note-keeping.  The  chainmen  evidently  read 
the  tape  from  the  wrong  end  and  afterward  discovered  their 
mistake. 

Notice  the  method  of  recording  magnetic  and  calculated 
bearings;  in  this  case  they  could  just  as  well  have  been  recorded 
in  separate  columns. 

In  giving  offsets  it  would,  perhaps,  have  been  better  to  use 
the  system  of  *  Spins'*  distances  from  B  instead  of  giving  dis- 
tances between  offsets.  (See  Art.  198,  p.  139.)  There  are  so  few 
offsets  in  this  case,  however,  that  it  makes  little  difference. 

Reference  numbers  are  sometimes  enclosed  thus  (6)  to  avoid 
mistaking  them  for  dimensions. 

In  this  survey  it  makes  little  difference  whether  the  notes  are 
kept  from  the  bottom  of  the  page  up  or  from  the  top  down. 
Since,  however,  in  some  cases  it  is  advantageous  to  keep  the 
notes  from  the  bottom  up,  many  surveyors  prefer  to  keep  all 
notes  in"  that  way  for  the  sake  of  uniformity. 
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Illustration  IV 

CommerUa  on  the  Survey,  The  property  surveyed  is  the  same 
as  that  in  the  preceding  illustration.  The  same  transit  stations 
were  used,  but  the  buildings  were  located  by  a  slightly  different 
method.  The  two  rear  comers  of  the  house  were  located  by 
finding  two  points,  one  on  the  transit  hne  AB,  another  on  CD., 
both  in  line  with  the  rear  of  the  house.  The  distances  from 
each  of  these  two  pK)ints  to  the  nearest  comer  of  the  house  and 
to  the  nearest  transit  station  (viz.,  78.7, 36.8  and  94.2,  79.8)  to- 
gether with  the  dimensions  of  the  house,  are  all  the  measure* 
ments  needed  to  plot  the  house.  The  angles  and  distances  to 
the  two  front  comers  of  the  house  were  taken  as  a  check  (rath«r 
unnecessarily).  Notice  the  different  methods  of  locating  the 
two  front  comers  of  the  bam.  Other  ways  of  using  one  or  more 
of  the  methods  of  Chapter  XIII  for  locating  fences  and  buildings 
in  place  of  those  that  were  used  will  suggest  themselves  to  the 
student.  It  will  prove  good  practice  to  study  out  as  many 
different  methods  as  possible  that  might  have  been  used  in  this 
particular  case. 

Comments  on  the  Notes.  In  this  case  the  sketch  method  is 
used,  the  sketch  being  made  free-hand  without  the  use  of  even 
a  straight-edge.  All  measurements,  including  angles,  are  given 
on  the  sketch  itself.  Notice  how  the  sizes  of  the  buildings  and 
the  distances  of  the  transit  lines  from  the  fence-lines  are  ex- 
aggerated to  make  room  for  recording  measurements.  In  the 
same  way  the  other  distances  are  exaggerated,  no  att^npt 
being  made  to  draw  to  scale,  it  being  far  more  important  to 
have  the  notes  open  and  clear.  When  a  sketch  is  as  clear  as 
this  illustration  tho  notes  are  more  easily  plotted  than  if  kept  in 
tabulated  form,  but  it  is  rather  difficult  to  keep  such  a  sketch 
from  beconung  crowded  when  there  are  many  dimensions. 

The  direction,  right  or  left,  in  which  all  angles  were  taken  is 
not  noted.  It  should  be,  unless  previously  noted  elsewhere  once 
for  all. 

Notice  how  the  distance  18.1  ft.  near  the  bam  is  recorded  by 
drawing  an  arrow  and  writing  the  figures  to  one  side.  It  is  fre- 
quently necessary  to  do  this  (just  as  in  making  working  draw- 
ings) when  the  space  where  the  number  is  to  go  is  too  small 
for  large  clear  figures. 
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Illustration  IV 
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Total  Frontage  =  ^04-,  5  ( Picket  Fence  ) 

Mam      Street 

Property  bounded  on  the  west  by  land  of  James 
Smith,  on  the  north  by  Willow  Brook  f about  20  ft 
wide),  on  the  east  by  land  of  Thomas  Young, 
House  and  barn  both  of  wood.      Survey  made 
Aug,  /6, 1904.  Angles  to  nearest  minute,  distances 
to  nearest  tenth  of  a  foot 

J.  M.  WhObney,  Translfman, 
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Illustration  V 
(See  inset  sheet  at  the  end  of  this  diaptcr.) 

Comments  on  the  Survey.  This  is  a  portion  of  the  preliminaiy 
survey  for  an  electric  road.  Boundaries  of  the  highway  through 
which  the  road  is  to  run,  houses,  division-fences  or  property 
lines,  bridges,  streams,  and  other  topographic  features  for  a 
considerable  distance  on  each  side  of  the  highway  must  be 
located.  The  sketch,  though  not  drawn  to  scale,  represents 
approximately  a  portion  of  the  map  as  it  will  appear  when 
plotted.  Great  accuracy  is  not  required.  Houses,  for  example, 
may  be  located  to  the  nearest  foot.  Property  lines  should  be 
located  with  more  care. 

In  this  illustration  a  number  of  different  methods  were  em- 
ployed for  locating  objects, — a  greater  variety,  perhaps,  than 
would  ordinarily  be  used.  For  this  reason  the  illustration 
should  be  studied  with  more  than  ordinary  care,  since  it  shows 
the  practical  applications  of  so  many  of  the  methods  of  Chapter 
XIII.    The  points  to  be  noticed  are: 

1 .  Stations  are  numbered  as  in  railway  work.     Art.  209,  p.  147. 

2.  All  angles  taken  are  deflection  angles.     Art.  179,  p.  120. 

3.  The  boundaries  of  the  highway  were  located  by  offsets 
perpendicular  to  the  transit  lines  taken  at  irregular  intervals. 

4.  The  fence  at  A  is  located  by  finding  where  if  produced  it 
would  strike  the  transit  line,  and  by  locating  a  point  1  (on  a 
line  with  the  front  of  the  house)  by  angle  (50°  58')  and  dis- 
tance (122.6).     (Method  (a),  p.  134.) 

5.  The  Bond  house  is  located  by  finding  where  one  side  pro- 
duced strikes  the  transit  line  (at  a)  and  then  measuring. the 
tie-line  (127.8).  (Method  (a),  p.  139.)  This  was  probably  more 
convenient  than  to  set  up  the  transit  at  c  and  measure  the  angle. 
(Method  (5) ,  p.  135.)  Point  1,  already  located  on  a  hne  with  the 
front  of  the  house,  serves  as  a  check. 

6.  The  fence  at  C  was  located  by  finding  where,  if  produced, 
it  would  strike  the  transit  line  and,  by  producing  the  front  line 
of  the  house  already  located,  measuring  the  distance  (95.1). 

7.  The  Sykes  house  was  located  from  Station  23  +  89  by  an- 
gles and  distances  to  two  front  comers  (2)  and  (3)  (p.  134). 

8.  The  fence  at  B  was  located  by  two  offsets  (48.5  and  46.5) 
measured  on  lines  produced  from  the  front  and  rear  sides  of 
ihe  Sykes  house. 
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9.  The  fence  at  D  was  located  by  the  tie^line  method.  (Method 
W,  p.  140.) 

10.  The  four  corners  of  the  bridge  (14,  15,  16,  and  17)  were 
loeated  from  Station  274  9  by  angles  and  distances. 

11.  Each  of  the  points  4  to  13  inclusive  were  located  by  two 
angles  taken  at  stations  23+89  and  27+9  respectively,  with 
the  transit  line  between  these  two  stations  as  a  base-line.  (Method 
oa  p.  137.) 

12.  The  fence  at  E  was  located  by  the  tie-line  method,  the 
i  point  6,  however,  being  taken  on  a  line  with  the  front  of  the 

Morris  house. 

13.  The  fence  at  F  was  located  by  producing  to  a  point  on 
the  transit  line,  and  locating  another  point  19  from  Station 
30+32.5  by  angle  and  distance.  Afterwards  the  distance  to  c, 
a  point  on  line  with  the  house,  was  measured  (69.1). 

14.  The  Morris  house  was  located  from  h  and  c  (already  es- 
tablished on  line  with  its  front)  by  the  distance  from  &,  84.4. 
The  angle  (but  not  distance)  to  one  of  its  corners  (18)  was  taken 
at  Station  30+32.5,  merely  as  a  check.  A  better  check  would 
have  been  to  measure  from  18  to  6. 

Comments  on  the  Notes.  The  form  used  corresponds  to  Form 
6,  p.  173.  The  notes  read  from  the  bottom  up.  Station  30+32.5 
at  the  top  of  the  left-hand  page  would  be  repeated  at  the  bot- 
tom of  the  next  left-hand  page  to  make  the  tabulated  form 
continuous;  just  as  Station  20+50  was  repeated  from  the  pre- 
ceding left-hand  page.  In  thus  repeating  a  station,  only  the 
deflection  angle  of  the  transit  line  is  given, — no  other  notes 
are  repeated. 

Only  angles  and  corresponding  distances  are  given  in  the  tab- 
ulated form.  All  other  linear  measurements  are  entered  di- 
rectly on  the  sketch.  Bearings  are  taken  for  transit  lines  only, 
and  each  is  entered  between  the  two  stations  where  it  belongs. 
Thus,  for  example,  S.  81®  15'  E.  is  entered  between  23+89  and 
27+9,  and  is  the  magnetic  bearing  of  the  line  between  those 
two  stations.    All  bearings  are  understood  to  be  forward  bearings. 

Notice  that  each  piece  of  property  is  marked  with  the  owner's 
name.  In  front  of  the  Morris  house  a  broken  line  indicates  that 
there  is  no  fence. 

In  this  illustration  the  sketch  covers  too  much  ground; 
it  would  have  been  better  to  put  the  sketch  as  far  as  the 
bridge  on  one  page  and  the  remainder  on  another.    L\U\^  v^ 
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gained  by  sketching  the  highway  as  it  really  is  instead  of 
making  two  straight  lines  represent  the  boundaries.  The  next 
illustration  is  an  improvement  in  both  these  respects. 

In  both  this  and  the  next  illustration  notice  that  the  distances 
to  points  on  the  transit  line  At  which  offsets  were  taken  are 
entered  as  ^'pltis"  stadons  instead  of  measuring  the  actual  dis- 
tances between  successive  points.  This  saves  time  in  the  field 
and  in  plotting  since  several  distances  can  be  measured  or 
plotted  at  one  stretching  of  the  tap>e  or  at  one  setting  of  the 
scale  as  the  case  may  be.  When  using  this  method  the  dis- 
tance should  be  measured  from  the  last  offset  point  preceding 
each  transit  station  to  the  station  itself,  as  this  is  a  check  on 
the  total  distance  previously  measured  between  the  two  sta- 
tions.    (See  note  p.  139.) 

Notice  that  at  the  top  of  the  page  there  is  a  running  title,  as, 
for  example,  "Notes  from  20  +  50  to  27+9."  This  is  invaluable 
as  an  aid  in  finding  notes  quickly,  especially  when  they  are  in- 
dexed properly. 

Illustration  VI 

In  Illustration  VI  a  portion  of  the  notes  of  Illustration  V 
have  been  reproduced  according  to  the  sketch  method.  All 
notes  pertaining  to  the  transit  Une  are  entered  in  the  middle  space 
by  themselves  according  to  Form  3,  p.  172.  This  middle  space 
therefore  represents  the  transit  fine  and  may  be  considered  as 
having  no  width,  i.e.,  points  on  the  edges  opposite  to  each  other 
actually  coincide  on  the  ground.  Thus,  for  example,  offsets 
marked  23.5  and  47.3  were  really  measured  from  the  sam3 
point  on  the  transit  hne.  Notice  how  the  sides  of  the  highway, 
although  in  reality  curved,  are  represented  by  straight  lines. 
These  lines  were  ruled,  but  all  other  fines  were  drawn  free-hand. 
Compare  this  page  of  notes  with  those  of  lUustration  V  on  the 
inset  sheet  at  the  end  of  this  chapter.  While  it  is  true  that  one 
set  of  notes  seems  as  clear  as  the  other,  it  should  be  kept  in  mind 
that  much  more  of  the  survey  is  included  in  lUustration  V  than 
in  Illustration  VI.  The  notes  of  lUustration  Vl,  on  the  other 
hand,  are  probably  easier  to  plot  than  those  of  lUustration  V. 
The  two  illustrations  afford  an  exceUent  opportunity  of  com« 
paring  the  sketch  method  with  the  combination  method  of 
keeping  notes. 
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Illustration  VII 

Comments  on  the  Survey.     The  method  illustrated  in  the  notek 
on  the  opposite  page  is,  perhaps,  the  most  general  method  for 
making  a  survey  of  a  city  street.    Station  0  was  found  by  stretch- 
ing the  tape  between  merestones  and  taking  the  middle  point. 
Station  3+33.4  was  found  in  a  similar  manner,  thus  fixing  the 
center  line  of  the  street.     The  substation  1  +  98  was  set  at  the 
intersection  of  this  center-line  with  a  fence-line.    Each  "of  the  T 
other  substations  was  established  at  the  intersection  of  the  center-  t 
line  with  the  side  of  a  house  produced.     The  method  of  angle  ! 
and  distance  (p.  134)  was  used  for  locating  most  of  the  hoiise-*i  • 
corners,  the  backsight  in  every  case  being  from  a  permanent  j 
sight  on  the  center-line  produced  beyond  Sta.  3+33.4.     Distances  .■ 
between  houses,  front  and  rear,  were  also  bieasured.     Fence-  * 
lines  were  located  by  offsets  from  houses,  and  fence-comers  by : 
distances  along  the  fence-lines.     Manholes  were  located  by  offsets  j 
from  the  transit  line,  and  street-car  tracks  by  offsets  from  the . 
curb  to  the  gage-line*  of  the  nearest  rail.    The  curved  track) 
was  located  by  angles  and  distances  to  points  about  the  same ' 
distance  apart  on  the  nearer  rail  (p.  136).    Widths  of  sidewalki 
and  widths  from  curb  to  curb  were  measured  and  checked  by 
the  total  measurement  from  street-line  to  street-line.    The  angle 
of  the  street-line  on  Fourth  Ave.  (31°  28')  was  measured  with 
the  transit  at  Sta.  3+33.4,  sighting  on  a  monument  a  block 
away,  but  on  Third  Ave.  the  angle  of  the  street-Une  was  found 
by  laying  off  90°,  measuring  100  ft.  on  this  line,  and  then  from 
this  point  measuring  the  offset  to  the  curb-  and  street-line. 
Sometimes  one  of  these  methods  and  sometimes  the  other  can 
be  used  to  advantage. 

Other  Methods.  In  the  above  method  the  distances  from  the* 
street-line  to  the  fronts  of  houses  are  not  measured,  and  can  be 
found  only  by  scaling  the  map  or  by  calculation.  A  survey  is 
often  made  to  locate  veranda-lines  and  front  hnes  of  houses, 
and  in  such  a  case  the  best  method  is  probably  that  of  offsets 
measured  from  a  line  run  on  the  sidewalk  parallel  to  the  street- 
line.  Sometimes  offsets  are  taken  from  the  curb-line  or,  if  there 
are  no  fences  in  the  way,  from  the  street-line  itself. 

Suggestion.     Where  buildings  are  near  the  street-line  offset-rcxls  may 
be  used  to  advantage  in  place  of  the  steel  tape.     A  stadia-rod  will  answer 


*  Gage-line  is  the  line  on  the  inside  of  the  head  of  the  rail  i"  below  the 
top. 
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the  purpose.     One  end  of  the  rod  is  held  against  the  building, 
measurement  is  read  at  the  point  where  the  line  of  sight  strikes  tlMK^ 

In  a  survey  of  an  entire  city  block  or  of  several  adjacent  I 
it  is  often  necessary  to  run  transit  lines  on  the  sidewi 
the  street  or  wherever  they  can  be  established  to  the  best  i 
tage.     Thus,  for  example,  if  a  transit   line  were  to  hi 
Oak  St.,  it  might  be  advantageous  to  have  the  first  si 
Union  St.  on  the  left-hand  sidewalk,  and   the  last  stat 
Oak  St.  on  the  right-hand  sidewalk,  thus  making  the  line  of  1 
between  the  two  as  long  as  possible. 

Remark.  In  a  series  of  letters  to  the  Engineering  News,  VoL  IlJ 
the^  following  methods  for  locating  houses  were  advocated  by  <n| 
surveyors:  (1)  Plane  table;  (2)  Angle  and  distance  (p.  134);  (^J 
method  (p.  138);  (4)  Tie-line  method  (p.  137);  (5)  Each  front  comerq 
intersecting  distances  (p.  139);  (6)  By  intersecting  ansles  (p.  137). 
shows  the  diversity  of  opinion  regarding  methods  of  location,  aauA 
cates  that  each  method  has  its  advantages. 

Comments  o:i  the  Notes.  This  is  an  example  of  the  all 
method.  Each  angle  is  entered  above  a  line  drawi\  fibna 
station  to  the  point  s  ghted  at,  and  the  corresponding  di^t 
is  entered  below  the  same  line.  Portions  of  the  hou^ei 
e  :a^e  ated  to  accommodate  dimensions.  Each  house  Is  ma 
with  its  street  number,  and  with  W,  S,  or  B  to  denote  whi 
it  is  wood,  stone,  or  brick. 

When  it  is  desired  to  distinguish  between  a  fence  along  a  a 
and  the  street-line  itself  the  former  may  be  indicated  by  i 
line  and  the  latter  by  a  broken  line.  Thus  in  the  sketch  ihi 
a  fence  along  the  right-hand  side  of  the  street,  but  only  a  st 
line  along  the  left-hand  side. 

The  notes  present  a  somewhat  crowded  appearance  In 
this  respect  they  are  typical  of  city  notes  kept  by  the  si 
method.  By  using  the  combination  method  all  angles  and 
responding  distances  would  be  transferred  to  the  left-] 
page,  thus  relieving  the  crowded  appearance,  but  making 
little  more  difficult  to  plot  the  notes. 
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CHAPTER  XVI 

TRIANGULATION 

The  aim  in  this  chapter  is  to  give  methods  for  simple  triangulation,  such, 
tor  example,  as  that  which  forms  the  basis  of  an  ordinary  topographic 
survey.  Many  of  the  sug^stions  and  directions  apply  equally  well  to 
'the  special  problems  in  triangulation  given  in  Chapter  XvlII.  No  at- 
tempt has  l^n  made  to  treat  the  subject  as  comprehensively  as  would 
be  required  in  a  work  on  geodetic  surveying. 


243.  Triangulation.  If,  in  any  triangle,  one  side  and  the 
two  adjacent  angles  are  measured,  the  lengths  of  the  other  two 
sides  may  be  computed  by  the  methods  of  trigonometry.  Thii 
is  the  basis  of  all  triangulation. 

lUustrcUion.  Problems  in  finding  distances  to  inaccesf'ible  points,  dis- 
tances between  inaccessible  points,  and  similar  problems  (see  Chapter 
XVIII)  are  examples  of  simple  triangulation. 

244.  In  a  Network  or  System  of  Triangles  the  side  of  some 
one  triangle  is  measured  first,  and  from  this  base-line  and  the 
two  adjacent  angles  the  remaining  two  sides  of  the  triangle  are 
computed.  The  calculated  lengths  of  these  two  sides  may  be 
used'as  new  base-lines  for  two  other  triangles,  and  the  calculated 
lengths  of  the  sides  of  these  new  triangles  used  as  base-lines  for 
still  other  triangles.  Thus  the  system  may  be  extended  in- 
definitely. It  is  customary  to  measure  all  three  angles  of  each 
triangle,  but  only  one  linear  measurement ,  is  made — that  of 
the  original  base-line  in  the  first  triangle.  One  side  of  the  last 
triangle  is  usually  so  located  that  it  can  be  measured;  the  agree- 
ment of  the  measured  and  the  calculated  length  of  this  side 
is  a  check  on  the  accuracy  of  the  whole  work. 

(o)  illustration.  A  network  of  triangles  forms  the  basis  of  nearly  all 
surveys  covering  large  areas,  such,  for  example,  as  the  coast  and  geodetic 
Surveys  and  other  extended  topographic  surveys. 

^  (6)  Remark.  When  the  sides  of  the  triangles  are  so  long  and  the  pre- 
cision required  is  so  great  that  the  curvature  of  the  earth  must  be  taken 
lUto  account,  the  work  is  no  longer  plane  surveying, — it  is  geodetic  sur- 
veying, p.  2. 

(c)  Hmv  large  areas  may  he  covered  by  trianoulation  in  plane  surveying  f 
This  depends,  of  course,  upon  the  required  limits  of  error.  The  error 
M^^hich  results  from  neglecting  curvature  is  about  one  foot  in  34^^  miles. 
(See  Art.  5,  p.  2.) 

245.  Sources  of  Error  in  Triansrulation.  (1)  Poorly  pro- 
XtQTtioned  triangles.     Angles  less   than   30°  or  more  than  120° 

191 


192  TRANSIT  SURVEYING 

should  be  avoided,  not  because  it  makes  any  difTerenoe  in  the 
field  work, — one  angle  is  as  easily  measured  as  another, — but 
because  a  given  error  in  a  small  angle  affects  the  computed 
lengths  in  a  triangle  more  than  does  the  same  error  in  an  angle 
which  approaches  90°.  This  is  because  the  tabular  differences 
in  a  table  of  sines  approach  zero  as  the  angle  approaches  90°, 
while  they  are  very  large  for  angles  near  0®  or  180®.  The  ideal 
triangle  is  of  course  an  equilateral  triangle.  It  is  difficult  to 
select  stations  so  that  the  triangles  will  be  properly  propor- 
tioned, yet  this  is  a  very  important  source  of  error  and  one  too 
often  overlooked. 

(2)  Error  in  the  measurement  of  the  base-h.u  Sincb  any  error 
in  the  length  of  the  base-hne  affects  every  side  oi  every  ^riangle 
in  the  whole  system,  extreme  precautions  are  usucdl/  taken  to 
measure  the  base-line  with  great  precision.     (See  p.  5V0 

(3)  Errors  in  the  measurement  of  angles.  These  are  ..^uced 
to  a  minimum  by  using  the  method  of  repetition  (p,  99>  ov  serin 
(p.  100),  and  by  taking  other  precautions  (Art.  140,  p.  iOX)  not 
taken  in  ordinary  work. 

246.  Stations  and  Signals.  *  Signal  is  a  term  used  £n  tjrian- 
gulation  to  denote  any  structure  or  object  which  marks  the 
position  of  a  station  and  which  may  be  sighted  upon  from  other 
stations.  It  includes  scaffolds  used  to  elevate  either  tne  object 
sighted  at  or  the  instrument  used  in  sighting.  Ail  sorts  of 
prominent  objects  are  used  as  signals,  natural  and  irtificiaL 
(See  p.  193.)  The  station  itself  is  usually  a  hub  in  the  ^rcund, 
an  iron  bolt  in  a  ledge  of  rock,  or  some  other  definite  ma«k. 
Permanent  stations  should  be  carefully  referenced. 

247.  Choice    of    Stations.     The    first    considerations    are 
(I)  that  the  triangles  shall  be  properly  proportioned,  and  (2) 
that  the  stations  in  any  one  triangle  shall  l>e  intervisible.    (3)  IjO- 
cate  them,  as  far  as  possible,  where  they  will  be  most  useful 
either  in  the  location  of  prominent  features,  or  as  starting  and 
closing   points   for   traversing,   or   for   estabhshing   secondary 
systems  of  triangles.    Among  other  requirements  are:  (4)  Firm 
ground  or  stable  support  for  the  instrument,  free  from  vibration,  I 
sheltered  from  wind;  (5)  Lengths  of  sight  suited  to  the  telescope  \k 
used ;  (G)  The  greatest  possible  area  in  view  in  order  that  a  large  Ife 
num})er  of  substations  may  be  controlled;    (7)  Freedom  from  tk 
atmospheric  disturbances, — for  example,  if  a  line  of  sight  passes  |*. 
over  a  hiJJ-top  close  to  the  ground  it  will  be  affected  by  the 
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boiling"  of  the  air,  or  if  it  passes  near  a  chimney  continually 
emitting  smoke  it  may  be  almost  useless;  (8)  Aim  at  the  simplest, 
best-balanced  system  of  triangles  practicable. 

It  is  very  seldom  that  all  the  above  requirements  can  be 
realized.  Usually  the  surveyor  has  to  take  stations  where  he 
can  get  them.  The  most  favorable  conditions  for  triangulation 
are  geiierally  found  in  hilly  country,  with  sjmmits,  compara- 
tively clear  and  unobstructed,  upon  which  stations  may  be 
established.  The  least  favorable  conditions  are  in  fiat  wooded 
country,  where  it  is  either  necessary  to  do  a  great  deal  of  cutting 
or  else  to  build  high  scaffolds  upon  which  to  set  up  the  instru- 
ment. In  cities  stations  may  be  established  on  the  tops  of 
buildings,  and  church  spires  or  other  prominent  objects  may  be 
taken  for  substations. 

A  thorough  reconnaissance  of  the  ground  to  be  covered  is 
essential  in  planning  any  system  of  triangulation,  and  it  pays  to 
give  careful  consideration  to  all  feasible  schemes. 

248.  The  Base-line,  (a)  Location.  Try  to  select  a  place 
for  the  base-line:  (1)  Where  the  ground  is  level  and  well  suited 
for  accurate  measurement;  (2)  Where  the  country  is  open, 
so  that  sights  may  be  taken  in  any  desired  direction  from  each 
end  of  the  line;  (3)  Where  a  system  of  well-proportioned 
triangles  can  be  built  up,  with  stations  which  meet  the  require- 
ments of  the  preceding  article. 

Remark.  Too  often  the  surveyor  will  be  unable  to  find  a  suitable  plaoe 
for  a  base  line,  and  must  overcome  natural  obstacles  as  best  he  can.  Some- 
times it  is  necessary  to  lay  out  a  broken  base-line  an  1  find  the  direct  dis- 
tance between  the  two  ends  by  indirect  measurements.  The  required 
distance  corresponds  to  an  omitted  measurement,  and  is  found  by  com- 
putation.    (See  Part  II.) 

Occasionally  it  may  be  necessary  to  locate  the  base-line  in  a 
place  where  it  is  impossible  to  establish  signal-stations  at  the 
ends,  as,  for  example,  on  a  railroad- track.  The  signals  may  be 
established  elsewhere,  and  the  ends  of  the  base  transferred  by 
some  accurate  system  of  check  measurements.*  In  geodetic 
work  a  comparatively  short  base-line  is  expanded  to  a  compara- 
tively long  side  of  the  first  triangle  in  a  similar  manner  by  a  care- 
fully planned  system  of  smaller  triangles.f  Since  base-lines  can 
be  measured  with  accuracy  greater  than  can  be  sustained 
throughout   the   triangulation,   it   is   customary   to   introduce 

I -  -  ■  »!■    ■    .     ■1__M__<'^ 

*  Wilson's  Topographic  Surveying,  p.  524. 
t  Gillespie's  Surveying,  Vol.  II,  p.  15. 
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aew  base-lines  whenever  the  accumulated  errors  are  likely  to 

exceed  the  limits  of  error. 

(&)  The  length  of  the  base- line  will  depend-  upon  how  laige 

Iriangles  are  to  be  used.    This,  in  turn,  depends  upon  the  ground 

to  be  covered  and  the  points  where  stations  are  desired.    The 

base-line  must  be  of  such  a  length  that  properly  proportioned 

triangles  can  be  built  up.    To  adopt  a  base-liiie  several  hundred 

feet  long  and  make  each  of  the  two  other  sides  of  the  fij^t  triangle 

several  miles  long  is  an  extreme  illustration  of  what. should  not 

be  done. 

Remark.  The  above  hoi  \s  true  for  ordinary  simpts  triangulatioai.  For 
extended  systems  short  base-lines  may  be  chosen  and  expanded  tta  sug- 
gested in  the  preceding  article. 

(c)  To  measure  the  base-line.  The  steel  tape  is  best  adapted 
to  the  measurement  of  base-lines,  and  the  method  of  procedure 
is  given  on  page  57.  For  extensive  surveys  elaborate  apparatus 
for  base-line  measurement  is  used.  Among  the  various  forms 
are:  (1)  Contact  apparatus ^  or  bars  fitted  with  a  device  for 
bringing  the  ends  in  successive  contacts;  (2)  Optical  apparatus, 
with  fine  hues  near  the  ends  of  each  bar,  and  microscopes  for 
observing  and  setting  the  marks;  (3)  Compensating  apparatus, 
intended  to  be  so  constructed  that  the  two  ends  of  each  bar  re» 
main  a  constant  distance  apart.  The  steel  tape,  however,  is 
fast  s  iperseding  all  other  forms,  and  practically  nothing  else 
is  used  in  plane  surveying.* 

249.  What  Angles  are  Measured  in  Triangulation? 
When  a  station  is  the  vertex  of  two  or  more  triangles  several 
combinations  of  angles  are  possible.  The  angle  of  each  triangle 
may  be  measured,  then  the  sum-angle  of  any  two  angles  or  any 
three  angles,  and  so  on.  While  this  multiphcation  of  measure- 
ments furnishes  more  conditions  for  the  final  adjustment  of  all 
the  angles  at  the  station,  it  is  not  advisable  because  the  extra 
time  required  is  seldom  warranted  by  the  increase  in  the  ac 
curacy  of  the  results.  It  is  better  to  use  the  time  available  in 
the  careful  measurement  of  those  angles  only  which  will  be 
used  in  the  computations. 

250.  Measurement  of  Angles.  Two  general  methods  are 
in  use  for  measuring  angles  with  great  precision:  (I)  the  method 
of  series  and  (2)  the  method  of  repetition  (pp.  99-100).     The 

*  The  use  of  elaborate  apparatus  comes  under  the  head  of  higher  sar- 
veying.     Consult  Wilson,  p.  495,  Gillespie,  VoL  II,  p.  59,  or  Johnson's  Sw 
vejang. 


\ 
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former  method  is  used  in  geodetic  surveying  where  instruments 
of  great  precision  are  available.  The  method  of  repetition, 
however,  is  most  used  in  ordinary  work,  where  transits  are  seldom 
graduated  to  read  closer  than  20".  Any  method  of  procedure 
should  aim  to  eliminate  instrumental  errors  (p.  104),  and  to  re- 
duce to  a  minimum  all  errors  of  observation.  To  eliminate 
instrumental  errors  the  precautions  of  Art.  140,  p.  101,  should  be 
taken.  A  number  of  methods  of  procedure,  each  of  which  em- 
bodies these  precautions,  are  in  common  use,  but  the  following 
is  reconunended: 

(a)  Method  of  Repetition.  The  method,  in  brief,  is  to  repeat 
the  angle  six  times  to  the  right,  inverting  the  telescope  at  the 
end  of  the  third  repetition.  Then,  loithout  resetting  the  vernier 
measure  the  explement  (360** —angle)  also  to  the  right,  with  the 
telescope  still  inverted  for  the  first  three  repetitions,  but  normal 
for  the  last  three.  Theoretically  the  vernier  reading  should 
come  back  to  the  original  setting,  and  the  sum  of  the  two  angles 
(angle  +  explement)  should  equal  360°.  The  discrepancy, 
equal  to  the  difference  between  the  final  reading  and  the  original 
setting,  represents  the  total  cumulative  error  due  to  both  ac- 
cidental and  constant  errors,  and  this  error  has  been  found 
constant  for  a  given  instrument  and  given  conditions  within 
the  probable  error  of  pointing.  It  seems  probable,  therefore^ 
that  when  the  angle  and  its  explement  are  each  corrected  by 
half  the  amount  of  the  cumulative  error,  the  errors  from  all 
sources  have  been  as  far  as  possible  eliminated.  This  is  con- 
firmed by  the  fact  that  when  angles  measured  by  this  method 
are  so  corrected  they  are  in  close  accord,  even  though  they  are 
taken  under  conditions  which  give  closing  errors  of  wide  range. 

It  is  to  be  noted  that  the  plates  are  always  turned  in  the  same 
direction,  clockwise,  and  that  there  are  in  all  twelve  repetitions, 
six  for  each  angle,  but  that  the  verniers  are  set  only  once.  Both 
verniers  should  be  read  t  >  eliminate  errors  of  eccentricity. 

(6)  Method  of  procedure.  (Illustrated  by  notes  on  p.  197. )  First 
step,  (I)  Set  the  A  vernier  at  0°,  or  at  random,  and  record  tho 
reading  of  both  the  A  and  the  B  vernier.  (2)  Take  the  angle  to 
the  right,  record  the  single  reading  as  an  approximate  check,  and 
repeat  two  more  times,  three  repetitions  in  all.  (3)  Invert  the 
telescope  and  continue  the  repetitions  for  three  times,  or  until 
six  repetitions  in  all  have  been  made.  (4)  Record  both  vemiei 
readings. 
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Second  Hep.  'Without  resetting  the  vender,  measure  the  ex- 
fdoneut  of  the  angle  clockwise  in  exactl;r  the  aame  way,  with 
the  teledcope  inverted  for  the  first  three  repetitions  and  nonnal 
for  the  last  three. 

These  two  eteps  constitute  a  "aet,"  and  from  two  to  four  eeti 
for  each  sngb  are  usually  sufficintt  in  ordinaiy  work. 

(e)  Practical  nttK"' I""'      (1^  Great  Jolicacy  of  mAnipoUtion  »  requiwd, 
u  a  sightly  siikK:ir.l  Uiiicb  will  ottea  Apoil  a  wt.     Kmp  the  huidB  off  Uh 
-'        '  Illy,  taking  liold  of  Itu  pUte.  nM  the  telaeofia. 


it  backsiiibtin; 


Line:,  p.  91,  and  Chat  tummc  th«  wnni 
Half  the  obscrtatiniu  ■»  taken  with 


d  elLmliiate,  (U  far  as  poesible,  e 
ting  uia  of  th«  ti- ■' 


et.      (1)   B«  sure  in  making  all  poLntiCE*  to  turn  t 
lo  refldings  are  taken  until  ■ ' 


,  low  ot  K^uationB  exclusively,  p    71.     (6)  This  method  does  not  Id- 

volve  the  precaution  of  measuring  an  angle  firatto  the  right  and  then  to 
the  left,  but  the  error  is  aUowed  to  aeeumuLale  and  then  is  corrected.  There 
ara  Kveral  other  methods  of  procedure  in  use  which  do  Involve  this  pre- 
caution, but  the  method  given  here  ia  used  in  the  U.  8  Coast  and  Genfatio 
Survey,  and  ia  cooaidered'^ooe  of  the  beat  of  the  methods  of  repetition, 

the  notes  on  the  opposite  page  were  taken:  (1)  Set  the  A  vernier  at 
0»0-0";    found  the  leading  of  the  B  vernier  to  be  180°  tfO";   entered 


(3)  Meaauied  the  angle  ACB  once  and  teeorded  the  aingle  lead- 
the  second  line  from  the  bottom,  opposite  Bl\   repeated  the  aiule 


both  vernier  readings  (252°  3Lf  0 

site"B,"hi^'^nes  up  the  page),  backaigCed  on  B,  and  made  sii  rapot^™ 
of  the  eiplementary  angle  BCA  :  reconled  the  two  vernier  leadings  (0°  1'  0" 
and  180°  1'  0").  Evidently  the  total  error  which  has  accumi^ted  trom 
all  sources  b  0'  1'  0".  This  completes  the  £etd  work  of  the  lirst  set. 
(4)  Worked  out  the  values  in  the  fourth  column  as  indicated.  Binoe  tbs 
readings  from  both  verniers  agree  exactiy  throughout  the  work  in  this 
first  set,  the  valueain  the  fourth  column  are  eiactly  the  aame  aa  the  cocre- 
Fponding  values  in  the  second  column  except  2160°  I'  0",  which  was  ob- 

timea  around  the  gnduated  ciicle.  F3ee  p.  100,  Art.  138(d).1  (5)  Worked 
out  the  values  in  the  fifth  column.  Since  the  aum  of  42°  5'  10"  and 
alT  55'  exceeds  360°  by  10",  and  since,  preaumabLy,  the  anido  and  its 


The  second  set  was  carried  out  in  exactly  the  same 
the  beginning  the  verniers  were  set  at  random  (25°  20'  3 
in  onier  to  avoid  bias  from  t  he  readings  in    '      " 

fourth  coi^n  are  iLm  values.     The  "value  2185°  OK  45'^  iiM^rtiined 
by  adding  6X360°  to  25°  20'  45". 

The  values  of  the  required  angle  as  found  in  the  fin^  and  second  Ml 
were  42°  5'  5"  and  42°  5'  10",  and  since  no  other  seta  were  taken  the  final 
tjilue  is  Ibe  mean  of  these  two  or  42°  y  T.S",  as  indicatsd  in  the  bat 
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251.  Field  Notes  for  Triangulation.  Many  fonns 
oommon  use.  The  advantages  of  the  form  on  the  precedii 
are:  Only  six  columns  are  required,  all  arithmetical  ^t 
shown,  and  the  notes  are  practically  self-explaining, 
the  following  points:  (1)  The  first  three  columns  are  cot 
in  the  field, — the  last  three  may  be  worked  up  in  the 
(2)  The  vernier  readings  occupy  only  two  lines  for  any  on< 
but  leave  three  lines  at  the  bottom  of  the  page  and  three  b 
angles  for  the  arithmetics  1  work.  The  notes  are  entered  fi 
bottom  of  the  page  up  as  a  matter  of  convenience  in  subt 
vernier  readings.  (3)  The  fourth  column  is  the  mean  of  •. 
and  seconds  read  from  verniers  A  and  B.  The  degrees  ar 
from  A.  Ignore  the  degrees  in  the  B  vernier  reading:  t 
usually  not  recorded  at  all.  When  they  are  recorded,  h< 
they  serve  as  a  check  on  blunders  in  reading  vernier  A 
two  readings  would  be  180°  apart,  provided  there  m 
eccentricity.  (4)  The  single  reading  in  the  second  col 
entered  simply  as  an  approximate  check. 

Suggestions.  (1)  Always  enter  at  toe  head  of  the  notes  the 
occupied  and  the  angles  measiired.  (2)  Sketches  of  thus  triani 
explanatory  notes,  and  other  data  are  put  on  the  opposite  pag( 
pertaining  to  the  weather,  to  atmospheric^  conditions,  to  the  kir 
stniment  used,  etc.,  are  more  important  in  triangulation  than 
kinds  of  work.  (3)  When  a  set  of  notes  is  manifestly  incorrc 
them  out  neatly  and  write  across  them  "Abandoned"  or  **Incor 

252.  Signals  for  Stations.*  In  Fig.  252  is  shown  a 
signal  which  may  be  used  in  ordinary 
The  requirements  are:  (1)  The  mast  sh( 
plumb  and  over  the  station;  (2)  The  fc 
should  be  set  firmly  in  the  ground  and  h 
braced  to  make  them  rigid.  (3)  The 
bracing  and  the  bottom  of  ^e  mast  sh< 
high  enough  from  the  ground  to  allow 
stniment  to  be  placed  underneath  and  ti 

Fig.  252.  ^q  be  carried  on  without  disturbing  the 

(a)  Practical  suggestions.  (1)  To  anchor  the  legs  dig  holes  twc 
BO  into  the  ground,  and  when  the  legs  are  planted  drive  a  stake 
ground  beside  each  leg  and  nnil  the  leg  to  the  stake.  (2)  Plumb  X 
by  observing  it  from  four  different  positions,  holding  a  plumb-lin 
the  eye.  (3)  Signals  may  oft<»n  be  constructed  from  poles,  4"  ^ 
diameter,  cut  in  the  woods.  Old  fence-rails  make  good  braces,  i 
sometimes  difficult  to  set  a  quadrifod  signal  so  that  its  legs  will  n^ 
fere  with  lines  of  sight  to  other  stations;  for  this  reason  a  tripe 
is  often  preferred.  (5)  Put  a  small  hook  on  the  bottom  of  the  mi 
which  to  suspend  the  plumb-bob. 


*8ee  GiUespie,  Vol.  II,  Johnson,  or  Wilson  for  the  construction 
elaborate  eignnls. 
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^*ractic(il  quesiiona.  (1)  W?iat  should  be  the  diameter  of  the  maatf 
t  as  small  as  possible  and  yet  have  it  distinctly  visible,  so  that  it 
i  accurately  bisected  by  the  cross-hair.  The  latter  will  ordinarily 
k  p^crip  0.3  of  an  inch  wide  at  a  mile,  or  about  3  inches  for  a  10-mila 
Use  a  pole  1"  in  diameter  for  sights  less  than  a  mib,  and  poles 
3"  in  diameter  for  five-mile  sights.  A  pole  4"  in  diameter  can  be 
irenty  miles  with  a  good  telescope  and  clsar  atmosphere. 
What  error  is  allowable  in  centering  a  mast  or  an  instrument  over  a 
t  From  the  tabfe  on  p.  108  it  is  seen  that  in  order  to  make  an 
f  orie  second  in  an  angle  the  instrument  or  masts  must  be  out  of 
Q  the  following  amounts : 

A  of  an  inch  for  sights    500  ft.  long. 

tV •*       •*      1000  "      " 

■^  "   *  *     *  *      *  *       *  *      a  "lile  long. 
3  inches  *  *       '  *      10  miles  long. 

le  lengths  of  sights  are  known  approximately,  and  limits  of  error 
;ular  measurement  have  been  adopted,  the  above  table  will  serve 
lide  in  centering  the  mast,  setting  up  the  instrument,  and  in  point- 

Hccentricity  o/  etatione.*  It  is  sometimes  necessary  to  use  for  sub- 
3  objects  which  are  inaccessible  or  over  which  an  instrument  can- 

set  UD.     In  this  case  one  of  the  methods  for  inaccessible  points 
er  XVIII)  may  be  used. 
tration.     A  church-steeple  is  located  from    two  triangulation  sta- 

A  traverse  is  started  near  the  church.  The  spire  and  two  traverse 
3  form  a  triangle.  The  length  of  the  side  between  the  traverf«e  sta- 
.ving  been  measured,  the  other  two  sides  may  be  found,  p.  222.     It 

necessary  in  addition  to  observe  the  angle  between  lines  from  one 
e  station  to  a  triangulation  station  and  to  the  spire. 

.  Limits  of  Error,  In  a  test  of  a  6- in.  transit  reading  only 
',  sights  were  taken  from  the  same  station  to  five  distant 
I.  Angles  were  measured  in  succession,  each  angle  being 
twelve  repetitions,  six  times  with  the  telescope  normal 
X  with  the  telescope  inverted.  Upon  completing  the 
the  sum  of  the  angles  exceeded  360°  by  5",  or  an  average 
of  1"  per  angle. t 

m  example  taken  from  actual  practice  eight  angles  of  a 
Illation  system  were  measured  with  a  6-in.  transit  reading 
.  Twelve  repetitions  were  given  each  angle,  following  the 
d  of  procedure  outlined  on  p.  195.  Angles  were  adjusted 
3  method  of  logarithmic  residuals,  and  the  maximum 
nee  between  the  measured  value  of  an  angle  and  its  ad- 
valuo  was  3.98",  the  minimum  difference  was  0.57",  and 
jan  difierence  for  the  eight  angles  was  1.86".  In  a  second 
I  of  eight  angles  the  differences  were:  Maximum  0.83", 
um  .07",  mean  0.44".  In  the  survey  from  which  these 
are  taken  work  was  continued  throughout  the  day,  re- 
;s  of  atmospheric  *^ boiling"  or  of  wind  save  in  extreme 

*  See  Gillespie,  Vol.  II.  p.  89. 
t  Eng.  News,  Feb.  14,  1901,  p.  122. 
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cases,  and  the  number  of  sets  measured  per  day  varied  fn 
10  to  25,  the  time  occupied  in  going  from  one  station  to  anotl 
being  an  important  factor.* 

The  above  results  show  what  can  be  done  with  an  ordins 
transit.  They  represent  a  higher  degree  of  precision  than 
ordinarily  required  in  simple  triangulation  covering  small  are 
In  any  given  case  the  allowable  angular  error  is  determined 
the  allowable  error  in  the  position  of  a  triangulation-point,  a 
this  depends  not  only  up>on  the  angular  error,  but  upon  the  s 
and  proportions  of  the  triangle  and  upon  the  precision  of  1 
base-line  measurement. 

254.  Triangulation  and  Trigonometric  Levelinj^.  ] 
A  and  B  be  the  ends  of  a  base-line  and  C  the  third  station  of  1 
triangle.  If  the  distance  AC  has  been  found  by  triangulate 
and  the  vertical  angle  was  taken  to  C  when  the  instrument  ^ 
at  A ,  the  difference  in  elevation  between  A  and  C  may  be  co 
puted  (p.  244).  In  like  manner  the  difference  in  elevation 
tween  B  and  C  may  be  found,  and  since  the  base-line  is  eitl 
level  or  the  difference  in  elevation  of  its  two  ends  is  known  t 
affords  a  check  on  the  elevation  of  C.  When  the  instnimeni 
moved  to  C  the  vertical  angles  and  triangulation  distances 
two  other  stations  will  give  the  elevations  of  these  two  static 
and  so  on  indefinitely.  As  the  horizontal  angles  must  be  me 
ured  anyhow,  the  only  additional  field  work  consists  in  measur 
vertical  angles;  hence  it  is  an  economical  method.  As  the  < 
vation  of  each  station  may  be  determined  by  independent  • 
servations  from  at  least  two  stations,  there  is  a  good  check 
the  work.  The  results  in  many  cases  compare  favorably  w 
results  obtained  by  spirit-leveling. 

*  Eng.  News.  May  30, 1901,  p.  402. 


CHAPTER  XVII 
TRANSIT  SURVEYING— SPECIAL  WORK 

The  first  part  of  this  chapter  deals  with  certain  problems  which  occa- 
Bionally  arise  in  transit  surveying.  The  second  part  outlines  methods  of 
staking  out  work  for  purposes  of  construction.  There  is  no  end  to  the 
variety  encountered  in  this  special  work,  but  typical  cases,  such  as  a  young 
engineer  is  likely  to  meet  early  in  his  experience,  have  been  selecteo. 
Those  cases  in  which  leveling  and  transit  work  are  combined  are  treated 
in  Chapter  XXIII.  No  attempt  is  made  to  take  up  railway  work,  as  that 
8  a  subject  in  itself,  fully  treated  in  books  on  railway  surveying. 


255.  Balancing-in  the  Transit,  i.e.,  to  set  up  a  transit  on 
line  between  two  given  points.  It  is  assumed  that  neither  point 
can  be  seen  from  the  other,  as  this  is  the  most  difficult  case,  but 
it  is  also  assumed  that  both  of  the  given  points  can  be  seen  from 
the  required  point  at  which  the  transit  is  to  stand.  Set  two 
poles  on  line  from  30  to  100  ft.  apart,  one  on  each  side  of  the 
required  transit  point.  Line  the  poles  in  by  the  method  on 
pagi  55.  The  transit  can  now  be  set  approximately  on  line  by 
means  of  the  two  poles,  and  roughly  leveled  up.  Sight  on  one 
of  the  given  points,  plunge  the  telescope,  note  how  far  to  one 
side  of  the  other  point  the  line  of  sight  strikes  and  move  the 
transit  accordingly.     Repeat  until  the  transit  is  on  line. 

Practical  Hints.  The  preliminary  use  of  the  two  poles  (or  short  stakes 
if  poles  are  not  at  hand)  saves  time.  The  nearer  on  line  the  transit  is  the 
more  carefully  it  should  be  leveled  up,  especially  the  level-bulb  at  right 
angles  to  the  line  of  sight.  Usually  after  one  or  two  preliminary  set-ups 
the  transit  can  be  brought  ipto  line  by  means  of  the  shifting  head.  Do 
not  split  hairs  in  the  preliminary  set-ups.  Do  not  backsight  indiscrim- 
inately first  on  one  of  the  given  points  and  then  on  the  other.  The  amount 
to  move  the  transit  can  be  estimated  more  easily  if  one  of  the  given  points 
is  always  used  for  a  backsight,  the  foresight  striking  near  the  other.  When 
the  transit  is  apparently  on  line  it  may  be  well  to  test  by  the  method  of 
double  revei-se  (p.  92). 

256.  To  Sight  Parallel  to  a  Given  Line.  A  transit  stands,  for 
example,  a  few  feet  from  the  side  of  a  building  and  it  is  desired 
to  sight  parallel  to  that  side.  By  swinging  the  tape,  find  the 
shortest  distance  from  the  transit  to  the  side  of  the  building. 
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Suppose  this  distance  is  3.8  ft.  At  any  convenient  distance 
from  the  transit,  the  farther  the  better,  hold  one  end  of  the 
tape  against  the  building,  and  swing  the  tape  with  the  thumb 
or  pencil  held  3.8  ft.  from  the  end.  As  the  thumb  or  pencil 
describes  an  arc  of  3.8  ft.  radius,  it  will  seem  to  the  transitman 
looking  through  the  telescope  to  move  away  from  the  building 
and  then  towards  it.  Keeping  the  cross-hairs  on  it  by  moving 
the  telescope,  the  transitman  should  clamp  just  at  the  turn, 
i.e.,  when  the  thumb  or  pencil  is  farthest  from  the  side  of  the 
building. 

The  same  method  may  be  used  for  sighting  parallel  to  a  fence 
or  any  other  similar  object.  (For  a  method  when  the  paralld 
lines  are  some  distance  apart,  see  Art.  278  (6),  p.  224.) 

257.  To  Find  the  Intersection  of  Two  Straight  Lines. 
Suppose  that  AB  and  CD  are  the  two  intersecting  lines.  Set 
up  over  A  or  B  and  set  two  stakes  on  AB  trom  6  ft.  to  10  ft. 
apart.  One  of  these  stakes  should  be  on  one  side,  the  other  on 
the  other  side  of  the  required  point  of  intersection  as  judged 
by  sighting  with  the  eye  along  CD.  Mark  the  exact  points  on 
the  stakes  with  nails  driven  part  way  in.  In  a  similar  manner, 
setting  up  over  C  or  D,  set  two  stakes  in  the  line  CD,  one  on 
each  side  of  the  point  of  intersection.  Find  the  required  point 
by  stretching  two  intersecting  strings  between  the  nails  in  the 
stakes. 

Remark.  It  is  evi<Ient  thnt  it  is  unnecessary  to  drive  stakes  on  the  line 
CD;  it  is  often  better  simply  to  establish  a  single  point, — i.e.,  where  the 
line  of  sight  crosses  the  string  (or  the  edge  of  a  tap>e>  stretched  between 
the  nails  on  AB. 

25 S.  To  Measure  the  Angle  at  a  Fence-corner.  It  is  as- 
sumed that  the  transit  cannot  be  set  up  over  either  fence-line. 
Establish  a  line  parallel  to  each  fence-line  as  close  to  it  as  con- 
venient (Art.  256),  find  the  intersection  of  these  two  lines  as 
explained  in  the  preceding  article,  and  setting  up  over  this 
intersection,  measure  the  angle.  The  angle  can  often  be  found 
indirectly  by  computation  (Art.  216  (d),  p.  151). 

Remark.  The  above  method  is  general;  a  special  method  requiring 
but  one  set-up  and  applicable  in  many  cases  is  as  follows:  Set  up  over 
anu  point  inside  the  fences  and  as  close  as  practicable  to  the  comer.  Es- 
tablish a  line  parallel  to  each  fence-line  (Art.  25S)  and  measure  the  an^. 
Where  to  set  fences.  Division  fences  are  usially  set  so  that  the  poets 
and  rails  are  on  one  side  of  the  proi^erty  line  and  the  pickets  or  boards 
are  on  the  other  side.  Stone  walls  are  set  with  C3nters  on  division-lines. 
Fences  al  mg  streets  should  be  set  so  that  no  post  nor  any  part  of  the  fence 
wi))  project  outside  of  the  street-line.  Street-lines  should  be  marked  by 
fnonumerUa  or  merestones  set  at  the  street-corners  or  on  offset  lines. 
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259.  Referencing  a  Point.  The  process  is  the  reverse  of 
that  explained  in  Art.  257,  and  consists  in  setting  four  stakes 
so  that  two  lines  between  them  will  intersect  at  the  point  to 
be  referenced.     (See  p.  55  for  this  and  two  other  methods.) 

Any  point  which  is  likely  to  be  disturbed  during  construction 
should  be  referenced.  In  some  cases  the  reference-stakes  must 
be  placed  some  distance  away,  in  other  cases  close  to  the  given 
point. 

lUitatration.  A  transit  station  may  be  referenced  by  plunging  the  tele- 
scope and  setting  stakes  perhaps  100  to  200  ft.  away.  On  the  other  hand, 
reference  stakes  for  a  merestone  may  be  net  a  few  feet  each  side  of  the 
spot  where  the,  hole  is  to  be  dug,  and  the  exact  point  on  each  stake  deter- 
mined by  stretching  strings  over  the  point  previously  located. 

260.  Referencing  a  Line.  (1)  Reference  any  two  points 
in  the  line  which  are  visible  from  each  other  and  far  enough 
apart  to  determine  the  line  accurately.  This  may  be  done  in 
two  ways:  (1)  By  offsets  from  buildings  and  other  permanent 
structures,  or  by  any  of  the  other  methods  of  referencing  points. 
(2)  By  referencing  one  point  in  the  line  and  measuring  the 
angle  which  the  line  makes  with  soijie  other  line.  This  includes 
referencing  a  line  by  its  azimuth  or  bearing. 

Remark.  The  importance  of  carefully  referencing  at  least  one  line  of 
a  survey  is  often  overlooked.  A  map  may  be  very  accurate  and  com- 
plete and  it  may  show  one  point  carefully  referenced,  but  unless  some 
line  is  referenced  aho,  the  entire  survey  may  be  swung  on  the  one  known 
point  as  a  pivot.  This  is  the  source  of  much  of  the  trouble  in  rerunning 
old  surveys,  and  gives  rise  to  many  boundary  disputes.  Objects  used 
for  reference  should  be  as  definite  and  as  permanent  as  possible. 

261.  To  Locate  Points  on  the  Water  with  Two  Transits. 

The  method  used  is  that  of  intersecting    angles   outhne^i   on 
pag3  137,  Art.  193. 

Practical  hints:  The  base-line  between  the  two  transits  should  be  so 
chosen  that  the  angles  of  intersection  are  not  too  oblique  or  too  acute. 
In  most  cases,  as  in  taking  soundings  from  a  boat,  the  work  must  be  done 
rapidly.  Each  transitman  follows  the  boat  with  his  telescope,  keeping 
the  line  of  sight  on  the  sounding  line  or  pole,  and  at  a  given  signal  from 
the  man  in  the  boat  reads  and  records  the  angle.  It  will  save  time  not  to 
damp  the  upper  plate  at  all.  In  recording  angles  some  system  must  be  used 
so  that,  when  the  notes  are  plotted,  the  angle  to  a  given  point  recorded  in 
one  transitman's  book  can  be  used  with  the  angle  to  the  same  point  re- 
corded in  the  other  transitman's  book.  It  is  just  here  that  mistakes  are 
likely  to  occur.  One  transitman,  for  example,  misses  a  signal  and  frils 
to  take  the  angle.  This  puts  him  one  angb  behind  the  othev  transitman, 
and  thjs  causes  trouble  in  plotting.  One  method  of  avoiding  this  is  for 
each  transitman  to  record  the  exact  time  at  which  each  angle  is  taken  in 
a  column  reserved  for  that  pumose.  If  aneles  are  taken  verv  rapidly, 
record  the  time,  say,  of  every  fifth  angle.  Of  course  the  watches  of  the 
two  transitmen  shouH  be  set  to  keep  the  same  time.  As  an  additional 
precaution,  flags  of  different  colors  may  be  used  by  the  boatman,  as,  for 
examole,  a  white  flag  each  time  a  new  set  of  10  soundings  i«»  beTun,  «i 
i«d  flntr  each  time  a  new  set  of  100,  and  a  green  flag  foi  all  other  aoiuxd- 
ioga. 
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262.  To  Establish  a  Base-line  by  Means  of  a  Supplemen- 
tary Broken  Base-line.  When  local  conditions  make  it  im- 
possible to  establish  a  base-line  of  the  required  length  by  the 
usual  methods,  two  points  may  be  chosen  to  serve  as  ends  of 
a  base-line,  a  series  of  transit  lines  may  be  run  connecting  these 
two  points,  and  the  length  of  the  required  base-line  may  be 
computed  by  the  methods  explained  in  Part  II  for  calculating 
omitted  measurements.  The  calculated  length  may  be  checked 
by  repeating  the  work,  using  a  different  or  supplementary 
broken  base-line.  This  problem  is  practically  the  same  as  one 
which  often  arises  in  mine  surveying  and  tunnel  work. 

263.  To  Run  in  an  Arc  of  a  Circle  with  the  Transit  and 
Tape.  It  is  assumed  that  the  radius  is  so  large  that  points  on 
the  arc  cannot  be  found  by  swinging  the  tape.  The  method 
here  given  is  the  one  used  in  '^ailway  surveying. 

(a)  Geometrical  and  trigonometrical  principles.  In  Fig.  263 
AB  and  EF  are  two  lines  connected  by  the  arc  of  a  circle  be- 


ginning at  B  and  ending  at  E,     Each  of  the  lines  AB  and  EF 

is  tangent  to  the  arc,  and  the  two  lines  are  produced  until  they 

intersect  at  G. 

Definitions  and  Notation 

BG  =  GE  are  called  tangents  (denoted  by  T). 
Anfijle  at  G  is  the  angle  of  intersection  (denoted  by  /), 
BO  =  OE  is  the  radius  of  the  curve  (denoted  by  R). 
The  angle  GBl  is  the  deflection  angle  (denoted  by  D). 
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B-1  =  1-2  =  2-3  is  the  chord  used  in  the  field  work  (denoted  by 
(7). 

B  =  point  of  curvature  (denoted  by  P.O.) 
-K  =  point  of  tangency  (denoted  by  P.T.). 

(6)  Geometrical  Properties  op  a  Circus 

(1 )  GB  =  GE  and  GBE  =  GEB  =  }/. 

(2)  GBO  =  90° ^GEO. 

(3)  /  =  BOE  and  BOG  =  J/  =  EOG. 

(4)  GBl  =  iBOl,GB2  =  iB02,  GB3-JB03,  etc. 

(5)  1B2=J102,  lB3^ilOS,lBE  =  ilOE. 

(6)  If  BA  =  1-2  =  2-3,  then  BOl  =  102  =  203. 

•     (c)  Formulas  * 

(7)  Given  R  and  J  to  find  T:  T  =  1?X  tan  JJ. 

(8)  Given  /  and  T  to  find  R:  irJ  =  T  X  cot  }/. 

(9)  Given  12  and  C  to  find  D:     sin  D  =  }C-f-i2. 

(10)  Given  D  and  C  to  find  R:  R  =  lC -r-Bin  D. 

(11)  Given  /,  T,  and  C  to  find  D:  sin  D=  (Cxtan  J/)-f-2r. 

(1 2)  Given  /,  D,  and  C  to  find  T :        T  =  (C  X  tan  J/)  -v-  2  sin  D. 

Formulas  for  chords  100  ft.  long: 

sin7)  =  50-^i^;  sin  D  =  (50  X  tan  i/) -^  T; 

R  =  50-T-  sin  D;  T  =  (50  X  tan  J/)  4- sin  D. 

To  find  the  number  of  chords  in  the  length  of  a  curve: 

(13)  N  =  \I-^D. 

If  D  is  not  contained  an  even  number  of  times  in  ^/,  the 
fraction  of  a  chord  remaining  is  called  the  syh-chord,  and  the 
C3rresponding  deflection  angle  is  called  a  sub-deflection  angle. 
Thus  in  Fig.  263  the  chord  3-^  is  not  quite  as  long  as  the 
others,  3-E  is  a  sub-chord  and  SBE  a  sub-deflection  angle. 

{d)  Length  of  curve  is  usually  understood  to  mean  the  length 
as  found  by  measuring  the  chords  and  not  the  length  measured 
on  the  curve  itself.  Thus  if  the  standard  chord  used  in  run- 
ning in  the  curve  is  100  ft.,  and  the  number  of  chords  (N)  found 
from  (13)  is  7.813,  then  the  length  of  curve  is  781.3  ft. 

(e)  Degree  of  curve  is  understood  to  mean  the  number  of  de- 
grees at  the  center  subtended  by  a  100-ft.  chord.  Thus  in 
Fig.  263,  if  B-1  =  100  ft.  and  BOl  =6°,  the  curve  is  a  6°  curve; 
in  a  5*^  curve  501  =  5°;  in  a  l°«curve  jB01  =  1°,  and  so  on. 
From  Fig.  263,  i^Xsin  J  degree  of  curve  =  jB-l,or  if  deg.  repre- 
sents degree  of  curve,  i?  =  jC-^sin  J  deg.,  or  for  100-ft.  chords 

(14)  /E  =  504-sin  Jdeg. 

This  formula  is  practically  the  same  as  formula  (10). 

*  The  trigonometrical  relations  in  formulas  (7)  to  ( 12)  will  become  evident 
from  a  study  of  Fig.  2Q3. 
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(J)  Field  work  of  running  in  a  circular  curve.  In  Fig.  263  it 
is  desired  to  connect  two  lines  AB  and  HF  by  the  arc  of  a  cir- 
cle which  shall  be  tangent  to  A  ^  at  a  given  point  B  (P.C.)t 
and  tangent  to  HF  at  some  unknovm  point  E  (P.T.), 

(1)  Produce  AB  and  HF  until  they  intersect  and  measure  /. 

(2)  Measure  the  length  of  T  (BG)  and  establish  E  so  that 
EG  =  BG, 

(3)  From  (11)  calculate  the  deflection  angle  D. 

(4)  Set  up  at  B,  backsight  on  G,  turn  off  GBl='D  and  set 
the  point  1  100  ft.  from  B.  Keeping  the  backsight  on  G  turn 
off  2D  (i.e.,  GB2),  and  by  swinging  the  tape  with  one  end  held 
at  1  set  the  pomt  2  100  ft.  from  1.  Turn  off  32)  (i.e.,  GB3) 
and  set  the  point  3  100  ft.  from  2.  Sines  3-^  is  less  than  100  ft., 
the  additional  angle  to  turn  off  (i.e.,  3BE)  is  less  than  D.  This 
sub-deflection  angle  SBE  must  be  the  same  part  of  D  that  the 
sub-chord  3-E  is  of  C  (i.e.,  of  100  ft.).*  The  length  of  3-^  may  be 
found  from  equation  (13).  E  as  located  from  B  by  deflection 
angles  should  check  with  E  as  located  in  the  first  place  by  chain- 
ing from  G  to  E. 

(g)  To  pick  up  a  tangent.  It  often  happens  that  some  of  the 
points  on  the  curve  cannot  be  seen  from  P.O.  It  then  becomes 
necessary  to  move  the  transit  from  P.O.  to  the  last  point  on 
the  curve  set  from  P.O.  It  may  even  be  necessary  to  set  up  at 
several  points  before  the  curve  is  completed.  The  two  follow- 
ing rules  should  be  employed  in  backsighting  and  foresighting: 

(1 )  When  sighting  ct  any  point  of  the  curve  the  vernier  reading 
must  be  equal  to  the  total  deflection  angle  used  for  locating  that 
point, 

(2)  When  sighting  along  a  tangent  to  the  curve  at  any  point 
occupied,  the  vernier  reading  should  be  equal  to  the  total  deflection 
angle  for  that  point. 

Illustration.  In  the  above  rules  the  total  deflection  angle  for  any  point 
means  the  sum  of  all  the  deflection  angles  from  the  original  tanpent  to  the 
point.  This  is  sometimes  called  the  index  reading.  Suppose  in  Fig.  263 
it  is  necessary  to  set  up  at  2  and  again  at  3. 

Set  up  at  2,  backsight  on  B  with  vernier  at  zero  (since  the  deflection 
at  B  is  zero),  plunge  and  turn  off  3Z>,  since  the  deflection  for  3  is  3D.  This 
locates  3.  Set  up  at  3,  backsight  on  2  with  the  vernier  set  at '2D  (since 
the  deflection  for  2  is  2D),  plunge  the  telescope  and  turn  off  ^/  (since  the 
deflection  for  E  is  ^/). 

The  student  should  prove  the  above  method.  Prove  also  that,  in  aO" 
cordance  with  the  second  rule,  if  a  transit  is  at  3,  the  backsight  at  2  an^f 
the  vernier  at  2D,  the  line  of  sight  may  be  made  tangent  to  the  curve 
by  setting  the  vernier  at  3D. 

(e)  Practical  auggestiona.     (1)  In  the  preceding  description  of  the  field 

*  This  is  not  strictly  correct,  but  accurate  enangh  for  most  purpooea. 
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mrk  it  wu  Bsgiunsd  that  100-ft.  chords  wen  uhiI.  This  is  customary  in 
nlway  work,  but  if  for  aoy  reason  shorter  chords  are  used  tbe  principlw 
ttil  holi  good. 

(2)  The  problem  bu  numerous  variations.  For  example,  it  may  he 
required  to  run  a  durve  of  &  given  degree.  Equation  (H)  gives  tlie  radius, 
and  T  can  be  found  from  ^7).  Again,  tbe  point  of  inUrieetion  O  may  be 
inaooeaBible.     These  variations,  as  well  as  problems  dealing  with  reverse 

books  for  railway  wwk.     For  anything' likely  to  arise  outside  of  railway 


SXCS*"'" 


(3)  Tbe  total  daOeetion  or  index  reading  for  each  point  of  the  curve 
«h™i-i  be  worited  out  and  entered. in  the  note-book  before  beginning  to 


264.  To  La>  Out  a  Circular  Curve  with  the  Tape. 

(a)  By  tangent  ofleetg.     This  method  amply  consists  in 
irg  off  eat^deflection  angle  by  mcasiring 
BD  offset   from  the  tangent  instead   of 
turning  it   off   with   a,   transit.      Thus, 
for  example,  point  1  is  located  by  laying 
off  BC,  found  by  calculation,  and  C~l, also    ^  ' 
found  by  calculation.     Theoretically  C-1 
is  perpendicular  to  BC,  but  in  practice  it 
i:i  better  to  establish  C  and  then  find  the    i 
iTitersection  of  C-1  with  the  chord  B-1, 
the  length  of  which  is   known,  than  to 
conatnict   the   right  angle  at   C.      The  ri^i.^oiioi. 

fomflaa  needed  in  computation  are  easily  derived  from  Irigo- 
nometry.     If  D  =  the  deflection  angle  and  R  the  radius,  then; 
Distance  along  tangent  Ollset  from  taiigent 

DC*         =m-l  -Rein  2D  C-l^ Bm  =RverKine2D 

BE         -S-2  -Rmn4D  E-2^BS  =fiversine4D. 

For  N  chords  -  R  sin  2ND  For  .V  chorda  -  R  veraine  2ND 


More  convenient  formulas  io  use  where  C- length  of  chords 
may  be  found  by  substituting  for  R  its  value  JC-^sin  D: 
Distance  along  the  tangent  =  (JC  sin  2ND)  -j-sin  D. 
Offset  from  the  tangent        -  (C  sin'  A^D)  -i-ain  D. 
In  computing,  the  logarithms  of  {\C -i-sin  I))  and  (C-i-sin  D)  re- 
main constant,  which  facilitates  work. 

(&)  By  offsets  from  chorda  produced.  Produce  B-1  to  ft  (Fig. 
264  (a)), making  1-H- B-1.  Then  B0:B-1 -B-l:ff-2  or  B;C- 
C:H-2. 

Hence  ff-2- C'-i- B.  or  in  the  case  of  100-ft.  chorda  - 100' ■:- ff. 
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Note  that  this  offset  ecjuals  twice  the  tangent  offset. 

M ^  (f)  By  off  sets  from  a  long  chord.   Sup- 

pose that  two  stations,  B  and  M,  are 
given  and  the  length  of  the  curve  BVM 
is  known.  Then  from  equation  (13), 
p.  205,  BOM  =  2XD  and  the  middle 
ordinate  XV  =  R  versine  iBOM 
=  R  versine  XD. 
J  If  A'  =  2,  then  BOM  =  4D  and 

V''  XV  ^R  versine  of  2D. 

Fig.  264  (c).  Another  form  is 

Xr  =  J J?M  tan  JfiOAf; 
or  still  another  form: 


XV  =  OV-OX  =  R-i^/R^-  (^^£y=^R-VR^-BX\ 

For  any  other  ordinate  WZ  a  distance  XZ  from  the  middle 
ordinate: 

WZ=WP-ZP=^^Wd'-Pd'-XO=-\/R'-ZX'-  i^R^-BX\ 

(d)  By  distances  scaled  from  a  map.  (1)  Plot  the  curve  to  a 
scale  large  enough  so  that  distances  can  be  scaled  as  closely  as 
will  b3  req-iired  for  measurements  in  the  field.  (2)  Scale  ordi- 
nates  or  offsets  to  some  assumed  base-line,  and  enter  these  dis- 
tances on  a  map  or  a  specially  prepared  sketch  for  use  in  the 
field.  (3)  Lay  out  the  base-line  in  the  field,  and  lay  off  the 
measurements  as  indicated  on  the  sketch. 

This  is  a  very  useful  method  for  work  in  which  extreme  ac- 
curacy is  not  required,  such,  for  example,  as  landscape  work. 

265.  Giving  Lines  for  Masonry.  (See  also  Art.  224.)  Ex- 
cavation is  required  for  most  masonry  structures.  The  first  step, 
therefore,  is  to  set  stakes  which  will  guide  the  contractor  in 
digging.  Such  stakes  are  set  roughly  and  often  very  hurriedly, 
especially  if  the  contractor  is  already  "  on  the  job  "  and  waiting 
to  begin  work.  Before  the  excavation  reaches  its  full  depth 
the  surveyor  usually  sets  "batter-boards."  These  batter- 
boards  are  horizontal  boards  nailed  to  posts  or  to  some  other 
support,  such  as  the  wall  of  an  adjacent  building.  The  upper 
edges  of  the  boards  are  usually  set  at  some  known  elevation, 
say  an  even  number  of  feet  above  or  below  the  required  eleva- 
tion of  some  well-defined  line  of  the  structure.  They  are  also 
set  in  such  a  position  that  by  stretching  strings  from  one  to 
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another  the  mason  can  get  the  most  important  lines  of  the 
structure  (neat  lines).  The  exact  points  where  the  strings 
should  be  fastened  to  the  boards  are  marked  by  nails  or  by 
notches  cut  in  the  board.  Additional  suggestions  for  staking 
out  work  are  given  on  p.  159. 

Remark.  The  next  article  gives  in  detail  the  work  cf  staking  out  a  house, 
and  Arts.  272  and  273  give  the  methods  of  staking  out  a  retaining-wall 
and  a  bridge  abutment.  These  typical  cases  will  suggest  methods  of  pro- 
cedure in  other  cases.  When  a  masonry  structure  is  on  a  grade  the  work 
usually  involves  considerable  leveling,  examples  of  which  are  given  in 
Chapter  XXIII  on  Leveling — Special  Work. 

266.  To  Stake  Out  a  Building  means  to  establish  points 
which  will  guide  the  contractor  in  building  the  foundation.  It 
would  be  of  little  use  to  set  a  stake  at  each  comer  of  the  build- 
ing, for  these  stakes  would  be  knocked  out  in  excavating.  The 
usual  method  is  to  set  batter-boards  or  comer-boards  a  few  feet 
outside,  where  they  will  not  interfere  with  the  work  of  con- 
struction, and  to  cut  notches  or  drive  nails  in  the  upper  edges, 
so  that  the  mason  can  get  his  lines  by  stretching  strings  between 
the  points  thus  established.  Usually  the  upper  edges  of  the 
boards  are  set  at  the  elevation  of  the  top  of  the  foundation-wall 
or  water-table  (or  soma  whole  number  of  feet  above  or  below 
the  top),  and  thus  serve  as  points  from  which  to  measure  the 
depth  of  the  cellar,  the  heights  of  walls,  and  other  elevations. 
The  architect  or  owner  usually  furnishes  the  surveyor  with  a 
bl'ie-print  plan  of  the  building,  and  with  other  necessary  data, 
s  :ch  as  its  location  with  respect  to  street-lines,  boundary-lines, 
and  adjacent  buildings;  also  the  elevation  of  the  top  of  the 
foundation- wall  or  water-table  with  respect  to  some  datum, 
iuch  as  a  city  bench-mark,  a  merestone,  or  the  water-table  of 
an  adjacent  building. 

General  method.  The  aim  should  be  to  accomplish  the  work 
with  as  few  set-ups  and  as  few  measurements  as  is  consistent 
with  the  certainty  of  correct  results.  In  most  cases  *the  best 
method  is  to  stake  out  temporarily  a  reference  rectangle,  to  make 
sure  that  it  is  correct,  and  then  to  use  the  sides  of  this  rectangle 
as  base-lines  for  locating  each  comer  of  the  building.  The  more 
irregular  the  outline  of  the  building  the  more  necessary  it  is  to 
have  base-lines.  The  following  illustration  shows  one  method 
of  staking  out  a  building.  Study  it  to  see  if  some  other  method 
equally  good  or  even  better  could  have  been  used. 

(a)  Illustralicn.  In  Fijc.  236  (a)  the  front  of  the  building  is  parallel  to 
and  10  ft.  from  the  street -line;  it  is  30  ft.  from  the  western  boundarv-Un«k» 
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(1)  Located  the  corners  A,  B,  C,  and  D  roughly  with  the  tape  ao  thit 
the  contractor  could  set  posts  for  the  batter-boards. 

(2)  The  line  of  sight  along  the  street-line  was  obstructed,  henee  set  ap 
2  ft.  out  from  a  merestone  at  the  nearest  street-comer  and  estebUshBd 
stations  (2)  and  (3)  on  a  line  parallel  to  and  2  ft.  outside  oi  the  aiiwt 
line.     Station  (2)  is  30  ft.  from  boundary  line,  and  (3)  is  40  ft.  firam  (21 

(3)  Set  UP  at  (2)  and  backsighting  on  a  near-by  bench-mark,  nuuted  a 
horizontal  line  on  each  post  3  ft.  above  the  elevation  of  the  water-teUe. 
The  contractor  nailed  the  boards  with  upper  edges  on  these  lines.  (JBatUtf^ 
boards  represented  by  doubU  lines  in  the  figure.) 
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Fig.  266(a). 

(4)  Turned  off  90°  from  the  line  through  (2)  and  (3),  and  established 
temporary  stakes  A  and  B\  also  two  nails  on  batter-boards  marked  % 
and  a  reference-point  on  another  building  marked  R^. 

f5)  Set  up  at  (3),  turned  off  90°  from  line  through  (2)  and.  (3),  and 
established  temporary  stakes  C  and  D\  also  two  nails  marked  3  and  a 
reference-point  on  a  fence  marked  Rz. 

(6)  Measured  the  diagonals  BC  and  AD  of  the  reference  lectani^  as  a 
check.  Found  one  of  them  0.01  ft.  longer  than  the  other.  Corrected  the 
error. 

(7)  Set  up  at  C,  sighted  at  A^  established  a  reference-hub  Re  and  a  nail 
Ct  plunged,  and  established  a  reference-point  on  the  fence  Re  and  anotl^f 
nail  c.  _: 

^  (8)  Set  up  at  D,  backsighted  on  (3),  turned  off  90°  as  a  check! — ^line  of 
sight  passed  slightly  to  the  left  of  B, — error  small  enough  to'  1^  ignored. 
Brought  line  of  sight  on  B,  established  a  reference-stake  Bd.aifd  nail  d, 
plunged  and  established  a  reference-point  on  the  fence  Rd  and  another 
nail  d. 

(9)  Set  the  intermediate  nails  marked  n  by  measuring  with  a  tape 
(6)  Practical  suggestions.  (1)  The  reference-stakes  should  be  placed 
where  the9^  are  not  likely  to  be  covered  up  by  building  materials,  and 
where  they  will  be  of  the  mast  use  in  re-establishing  pcnnts  should  the 
batter-boards  be  disturbed.  (2)  It  is  often  necessary  to  set  a  new  build- 
ing with  its  front  on  line  with  one  already  built.  If  the  latter  is  not  par- 
slid  to  the  street-line,  stations  (2)  and  (3)  should  be  set  on  a  line  parsilel 
to  and  a  definite  distance  from  the  front  of  the  old  building.  (3)  Occa- 
sionally a  building  must  be  oriented  with  respect  to  the  true  north,  and 
then  it  may  be  necessary  to  establish  a  true  meridian. 

267.  To  Stake  Out  a  House-lot.  Procure  the  deed  of  the 
land,  or  consult  the  town  or  city  records,  and  from  the  deseriph 
tive  clause  in  the  deed  stake  out  the  lot,  using  a  method  simi- 
lar to  that  of  the  preceding  article.  When,  as  is  often  the  case, 
the  descriptive  clause  is  so  indefinite  as  to  be  of  little  value,  the 


SPECIAL  WORK  21i 

surveyor  must  resort  to  other  methods.     (See  article  on  bound* 
ary  surveys.) 

Pradical  auogestioiu.  An  iron  rod  or  half-inch  iron  pipe  set  in  the 
ground  with  about  3  ft.  of  it  below  froRt-line  ^111  serve  as  a  permanent 
monument  for  each  comer.  Stone  posts  with  tops  a  few  inches  below  the 
suifaoe  of  the  ground  are  much  better.  In  making  a  record  of  boundary- 
lines  at  least  one  line  should  be  carefully  referenced  with  respect  to  per- 
manent landmarks  (Art.  260.  p.  233). 

268.  Farm  Survey.  The  following  method  is  recommended: 
Run  transit  lines  conveniently  near  the  boundaries  by  the  azi- 
muth method,  locating  stations  to  the  best  advantage  (p.  149). 
Take  side  shots  to  each  comer,  and  if  boundaries  are  straight,  chain 
the  lengths  of  boundaries  as  well  as  of  transit  lines.  If  bounda- 
ries are  not  straight,  locate  them  by  offsets  from  a  transit  line. 
The  azimuths  and  lengths  of  the  transit  lines  and  side  shots  to 
comers  as  found  above  are  all  the  data  required  for  the  office 
\fork  of  calculating  the  azimuths  and  length  of  each  straight 
boundary  line.  (The  measured  length  of  a  boundary-line  serves 
i;s  a  check.)  From  the  azimuths  and  lengths  of  the  boundary- 
lines  thus  calculated  the  area  may  be  computed,  as  explained 
in  the  chapter  on  Areas,  Part  II. 

Note.  For  a  quick  rough  survey  run  over  the  boundary-lines  with  com- 
pass and  chain  or  tape.     (See  chapter  on  Compass  Surveying.') 

269.  Survey  for  an  Architect.  A  map  from  which  an  archi- 
tect is  to'  get  the  data  for  locating  and  planning  a  building 
should  show  a  number  of  things  not  found  on  an  ordinary  map. 
Moreover,  everything  of  importance  should  be  given  by  dimen- 
sions and  explanatory  notes  similar  to  a  working  drawing,  so 
that  the  architect  will  not  have  to  depend  upon  scaling  the 
map.     For  a  city  lot  the  map  should  show  as  a  rule: 

(1)  Outlines  of  the  lot  with  lengths  of  all  boundary-lines  and 
the  values  of  all  angles  plainly  marked  on  the  map.  One  side 
at  least  should  be  shown  carefully  referenced  with  respect  to 
two  or  more  permanent  points  (Art.  260,  p.  203). 

(2)  Street  and  curb  lines  and  the  line  of  the  street  sewer. 

(3)  Adjacent  buildings,  large  trees,  and  other  objects  which 
might  affect  the  location  of  the  building  or  the  location  of  win- 
dows in  the  building. 

(4)  Direction  of  the  true  north  shown  by  an  arrow  to  enable 
the  architect  to  plan  rooms  for  exposure, — the  true  bearing  of  a 
boundary-line  is  even  better,  for  it  helps  to  reference  that  line. 

(5)  Elevations  of  the  flow-line  of  the  sewer,  elevations  and 
grades  of  all  sidewalks  iii  front  of  or  adjoining  the  lot,  and  the 
elevation  of  the  ground  itself.  If  the  surface  is  irregular,  con- 
touF-Unes  of  perhiaps  one-  to  two-foot  intervals  will  best  show 
the  elevations  of  the  ground. 
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Sometimes  in  addition  to  the  above  it  will  be  desirable  to  gjve  the  Ar 
rations  of  water-tables  of  adjoining  building,  and  the  location,  hn^tt 
thickness,  and  plumb  of  adjacent  walls,  especially  if  the  proposed  buil&c 
is  to  fit  exactly  between  two  existing  buildings;*  location  and  depth  oi 
existing  foundations;  size  and  location  of  water,  gas.  and  electric  maint. 
and  the  location  of  points  where  ser\-ice-pipes  come  through  the  curb. 

When  the  building  is  planned  by  an  out-of-town  architect  the  encuieer 
can  often  furnish  useful  information,  such  as  a  copy  of  the  city  ordinanotf 
pertaining  to  buildings,  the  nature  of  the  soil  where  the  building  is  to 
stand  and  its  bearing  power,  the  city  water  pressure,  and  other  local  con- 
ditions. 

270.  To  Locate  Machinery,  Lines  of  Stiafting,  and  Similar 
Objects.  The  usual  methods  of  field  work  are  employed.  In 
much  of  the  work,  however,  such,  for  example,  as  the  alinement 
of  shafting,  leveling  must  be  combined  with  transit  work;  i.e., 
the  line  must  be  given  vertically  as  well  as  horizontally.  Es- 
tablish one  or  more  reference-lines  for  transit  work  (similar  to 
the  reference  rectangle  iii  staking  out  a  house,  p.  210),  and  one 
or  more  permanent  bench-marks  for  leveling.  Establish  tke 
location  and  elevation  of  all  important  or  ruling  points,  such  as 
bed-plates  and  foundations  for  machines  and  hangers  for  shaft- 
ing. (See  Chapter  XXIII  for  method  of  leveling  for  a  line  of 
shafting.)  The  data  for  this  work  are  usually  obtained  from  a 
previously  prepared  plan,  although  occasionally  the  surveyor  is 
called  upon  to  prepare  this  plan  also. 

Surveying  methods  are  now  used  to  a  considerable  extent  in 
the  construction  of  large  machines.  (See  '*The  Use  of  Survey- 
ing Instruments  in  Machine-shop  Practice,"  Engineering  News, 
Dec.  11,  1902.) 

27 1 .  To  Stake  Out  a  Road  or  Higtiway.  Stakes  are  usually 
set  at  least  every  50  ft.  For  an  ordinaiy  road,  such  as  a  mac- 
adam road,  the  first  step  is  to  run  the  center-line,  setting  the 
stakes,  however,  on  either  side  so  that  there  are  two  rows  of 
stakes,  one  for  each  edge  of  the  road.  These  stakes  are  usually 
located  by  offsets  from  the  center-line,  and  if  set  some  whole 
-iiunber  of  feet  (say  3  or  4  ft.)  outside  of  the  edges  of  the  road 
they  are  less  likely  to  be  disturbed.  » 

The  second  step  is  to  go  over  the  line  with  the  level,  estab- 
lishing grades,  and  marking  the  stakes  *  Cut '  or  *  Fill.' 

Note.  For  the  methods  of  establishing  grade-points,  marking  gradd' 
stakes,  and  staking  out  city  streets  and  pavements,  see  Chapter  XXllT. 

Practical  suggestions.  (1)  For  an  ordinary  country  hi^way 
stakes  should  not  vary  from  line  or  grade  more  than  one  tenth 


*  The  author  has  in  mind  a  case  where  it  became  necessary  to  prae- 
ticallv  redraw  the  plans  of  a  large  building  because  the  distances  betwcep 
existing  buildings  on  either  side  were  incorrectly  given  on  the  map* 
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of  a  foot.  Of  course  greater  variations  might  be  allowed,  de- 
pending upon  the  location  of  the  road,  material  used,  and 
methods  of  payment  for  the  work.  (2)  If  extensive  cutting  or 
filling  is  to  be  done,  it  often  pays  to  set  slope-stakes,  as  in  rail- 
road work.  (3)  Curves  may  be  staked  out  according  to  one  of 
the  methods  in  Arts.  263,  264,  p.  204-208.  The  fourth  method 
(scaling  distances),  is  much  used  for  irregular  highways.  (4) 
Where  the  road  curves  sharply  or  the  grade  changes  rapidly  it 
may  be  necessary  to  set  stakes  at  shorter  intervals  than  fifty 
feet.  (5)  If  the  highway  has  not  already  been  laid  out,  it  will 
be  necessary  to  set  stakes  for  fence-lines  or  boundaries  o'  the 
road.  (6)  Sometimes  a  separate  set  of  stakes  is  used  for  grade, 
but  one  set  for  both  line  and  grade  is  preferable. 

272.  To  Qive  Lines  for  a  Retaining-wall.  (See  also  Arts. 
224  and  265.)  In  Fig.  272  the  section  shown  of  a  retaining- 
wall  is  only  a  few  feet  in  length,  but  the  method  may  be  used 
for  a  wall  of  any  length.  (1)  Set  stakes  A  and  B,  or  if  more 
convenient  stakes  C  and  D.  If  possible,  each  stake  should  be 
some  whole  number  of  feet  from  the  nearer  end  of  the  wall. 

Either  line,  ^B  or  CD,  will  be  sufficient  forpurposes  of  excavation. 
The  contractor  can  get  the  widths  ^V  and  W  from  the  blue  print 
and  set  his  own  stakes  for  the  outside  lines  of  the  foundation 
no  matter  how  much  the  latter  may  be  broken  up 
by  steps.  The  lower  course  is  often  concrete  and 
it  is  immaterial  whether  the  contractor  gets  the 
outside  lines  exactly  right  or  not,  so  long  as  he 
makes  this  concrete  base  extend  the  minimum  dis- 
tance each  way  as  called  for  by  the  plan;  if  he 
should  make  it  a  little  wider,  no  harm  is  done. 

(2)  When  the  excavation  is  well  under 
way,  if  not  before,  set  batter-boards  at  a 
known  elevation,  and  by  nails  or  notches  give 
points  for  both  lines  AB  and  CD,  Very  often 
these  lines  must  be  established  parallel  to 
some  street-line  or  property  line. 

Practical  suggestions.  (1)  There  are  several  well- 
defined  lines  at  the  top  of  the  wall  and  several  at 
the  bottom,  but  it  woiild  only  lead  to  confusion  to 
give  more  than  the  two  lines  AB  and  CD.  These 
two  neat  lines  are  chosen  because  they  are  definite 
lines  and  moreover  determine  the  finished  face  of 
the  wall.  (2)  In  giving  lines  for  excavation,  it  is 
often  more  convenient  to  give  parallel  lines  that  are 
offset  a  whole  number  of  feet  from  the  required  lines. 
(3)  In  giving  lines  and  grade  for  the  finished  face  it 
may  be  convenient  to  use  plank  set  on  edge  across 
the  trench,  as  in  sewer- work  (Chapter  XXIII). 
Sometimes  nails  driven  in  the  concrete  base  are  used 
for  the  lower  line.     (4)  Nearly  all  walls  are  so  long 
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that  they  are  built  in  sections.     Stakes  and  batter-boaida  axe  «fc\.  va.  ^'\- 
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vanoe  of  the  work  as  they  are  needed,  and  strings  are  drawn  from  the 
stakes  or  batter-boards  to  the  finished  wall,  or  an  ofiFset  line  may  be  used 
at  a  safe  distance  from  the  excavation.  (5)  When  the  wall  is  on  a  enrvt 
the  stakes  must  be  set  near  enough  together  so  that  the  wall,  th<Ki||^ 
really  built  in  a  series  of  straight  lines,  will  appear  as  a  smooth  eurve. 
Thus,  for  example,  for  a  curve  of  200  ft.  radius  points  should  not  be  mon 
than,  say,  10  ft.  apart.  There  are  four  ways  of  locating  the  points:  (a)  By 
locating  the  center  of  the  curve  and  swinging  the  arc  with  tne  tape, — only 
possible  for  true  arcs  of  circles  of  small  radius.  (6)  By  deflection  angles, 
p.  204.'  (c)  By  oflFsets  from  tangent  or  long  chord,  p.  207.  (d)  By  ordi- 
nates  from  a  convenient  base-line,  the  ordinates  having  been  previouehr 
determined  either  by  calculation,  or  by  plotting  to  a  large  scale  and  seal* 
ing  off  such  ordinates  as  it  is  desired  to  reproduce  upon  the  ground.  Tbe 
latter  method  is  very  useful  for  irregular  curves,  such  as  those  which  occur 
in  landscape  work. 

273.  To  Give  Lines  for  a  Wing  Abutment.  In  Fig.  273 
the  main  part  of  an  abutment  is  shown,  but  the  concrete  foun- 
dation is  not  shown.  The 
work  is  similar  to  that  of 
giving  lines  for  a  retain- 
ing-wall  as  outlined  in  the 
preceding  article.  As  sug- 
gested in  that  article,  the 
best  line  to  give  is  where 
the  face  of  the  main  wall 
joins  the  foundation,  or  in 
this  case  the  line  AB. 

(1)  Set  a  stake /2  on  the 
axis  of  the  bridge. 

(2)  Set  up  over  R,  and 
set  stakes  A  and  B;  also 
establish  points  0  and  0'. 

(3)  Set  up  over  O,  and 
t  jrning  off  the  angle  of  the  wing  set  a  stake  in  line,  as  E.  Repeat 
the  operation  at  O'. 

Practical  suggestions,  (1)  It  may  be  necessary  to  set  points 
A  and  B  some  distance  from  R,  perhaps  on  piles  or  coffer-dam, 
if  construction  has  already  begun.  (2)  If  AB  comes  in  the 
water,  it  may  be  necessary  to  set  offset  stakes,  as  A'  and  B', 
instead  of  A  and  B.  The  offset  distance  should  be  some  whole 
number  of  feet  if  possible,  and  should  be  plainly  marked  on 
the  stakes.  (3)  If  for  the  same  reason  it  is  inconvenient  to 
establish  R,  set  two  points,  as  H  and  K,  on  the  axis  of  the  bridge. 
The  contractor  can  produce  the  line  through  these  points  with 
sufficient  accuracy  for  starting  the  piling,  coffer-dam,  etc.  If 
the  stream  is  narrow,  one  of  these  points  may  be  set  on  the 
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oi^K>site  shore.  (4)  If  O  is  inaccessible,  the  line  EO  may  be 
established  by  measuring  off  either  a  tangent  distance  from  AB, 
as  BE,  or  a  tangent  distance  from  the  parallel  offset  line  A'B\ 
The  right  angle  at  B  may  be  laid  off  by  eye,  as  the  length  of  the 
wing  is  usually  short  compared  with  the  distance  OE.  Since 
0  cannot  be  marked  by  a  stake,  set  some  point,  as  F,  on  the 
opposite  shore,  or  if  the  stream  is  too  wide,  set  F'  on  the  same 
shore.  (5)  Stakes  will  answer  for  preliminary  construction, 
but  they  should  be  replaced  by  batter-boards  giving  eleva- 
tions as  well  as  lines. 

274.  To  Give  a  Line  for  a  Tunnel.  The  field  work  involved 
is  simple  or  complicated  according  to  local  conditions.  The 
simplest  case  is  when  a  preliminary  straight  Une  can  be  run 
over  the  surface  of  the  ground  between  hubs  on  the  center-line 
of  the  tunnel,  one  at  each  entrance.  -It  may  be  necessary  to 
run  a  traverse  in  order  to  locate  this  line.  Once  the  line  is 
estabUshed  it  may  be  prolonged  a  few  hundred  feet  at  each 
end,  and  permanent  targets  established  which  will  be  used  as 
backsights  when,  in  the  progress  of  the  work,  it  becomes  neces- 
sary to  set  up  the  transit  inside  of  the  tunnel.  ITie  line  may  be 
prolonged  from  a  backsight  by  the  method  of  double  reverse. 

In  many  cases  the  preliminary  straight  line  between  the  ends 
of  the  tunnel  cannot  be  run  because  of  obstacles,  such  as  a 
river  or  a  high  cliff  In  that  case  the  direction  and  length  of 
the  axis  of  the  tunnel  must  be  ascertained  either  by  triangu- 
lation  or  by  running  a  traverse,  the  closing  side  of  which  is  not 
measured,  but  found  by  the  methods  explained  in  Part  II  for 
calculating  omitted  measurements.  The  omitted  side  is  of 
course  the  required  Une  of  the  tunnel. 

When,  as  is  often  the  case,  the  tunnel  is  on  a  grade  the  methods 
for  giving  a  grade  explained  in  the  chapter  on  leveling  are 
used.  Even  when  the  tunnel  is  level  it  will  be  necessary  to 
establish  the  two  ends  at  the  same  elevation  by  running  lines 
of  levels  between  them  before  the  tunnel  is  started.' 

When  the  tunnel  is  on  a  curve  the  work  becomes  still  more 
complicated,  the  curve  being  run  in  by  the  method  of  Art.  263, 
p.  204,  or  by  some  similar  method. 

275.  To  Locate  Piers  for  a  Bridge.'*'    It  is  assumed  that  it 

*  Chapter  XVI,  on  TrianqulcUion  should  be  read  in  connection  with  this 
article.  For  a  more  complete  treatment  of  the  subject  the  student  is 
referred  to  a  chapter  on  triangulation  for  bridge-piers  in  "De  Pontibus"  b^ 
J.  A,  L.  Waddell  (John  ^  iley  &  Sons). 
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is  impracticable  to  measure  from  pier  to  pier  with  the  tape. 
The  problem  is  a  double  one:  (1)  To  find  by  triangulatkm 
the  total  distance  from  a  point  on  one  shore  to  a  point 
on  the  opposite  shore,  both  points  lying  in  the  axis  of  the 
bridge;  (2)  To  locate  at  least  one  point  for  each  pier  by 
calculating  two  angles  such  that  when  these  angles  are  turned 
off  from  different  base-lines  or  from  two  different  points  on 
the  same  base-line,  the  two  lines  of  sight  will  intersect  at  l^e 
required  point.  The  amount  of  work  involved  in  the  second 
half  of  the  problem  depends  upon  the  number  of  piers  to  be 
located. 

(a)  The  ideal  method.     (1)  Establish  a  base-line  on  each  shore 
exactly  perpendicular  to  the  axis  of  the  bridge,  extending  above 

and  below  the  bridge.     (2)  Find 
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90"    7 ~^  by  triangulation  the  perpendic- 

^/  /  ular  distance  AB  between  base- 

\         ^^(pje'i  y  lines   on   opposite   shores.     (3) 
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X?      oTK/'  ^  and  then  in  succession  the  dis- 
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tances  to  other  piers,  so  that 
each  pier  will  be  located  by  two  intersecting  lines  making 
angles  of  45°  with  the  base-lines  on  opposite  shores  as  well  as 
with  the  axis  of  the  bridge.  Any  one  of  the  intersecting  lines 
can  be  established  at  any  time  by  simply  sighting  from  a  point 
on  one  shore  to  a  point  on  the  opposite  shore  vrithout  turning  off 
an  angle. 

Remaik.  The  chief  advantage  of  this  method  lies  in  the  fact  that  after 
the  90"  angles  at  A  and  B  have  been  laid  off  and  the  four  angle?  meas- 
ured in  step  (2)  to  determine  the  length  of  AB,  no  further  measui^ment 
of  angles  is  necessary. 

{h)  General  method.  It  is  seldom  that  the  ideal  method  can 
be  employed  because  the  conditions  do  not  often  permit  base- 
lines to  be  laid  out  on  both  shores  in  the  manner  indicated. 
There  are  two  alternatives: 

(1)  Establish  base-lines  on  opposite  shores,  both  above  or 
both  below  the  bridge. 

(2)  Establish  two  base-lines  on  the  same  shore,  one  above  and 
one  below  the  bridge. 


SPECIAL  WORK 


>r«  povibis;    (1)  Both 
ii  the  bridss.    (2)  The 

tm  Daae-unH  on  oppgeiie  snaree,  one  sonve,  loe  otber  below  the  bridgB. 

Wky  "vould  each  of  these  conditiozia  be  lUkAAtiafectoryT 

Base-lines  should  be  laid  off  approiimalety  at  right  angles  to 
the  axis  of  the  bridge,  but  it  is  not  worth  while  to  aim  at  exact 
right  angles,  for  much  time  in  the  field  may  thus  be  wasted, 
while  the  time  aaved  in  computation  is  very  httle.  It  is  better 
to  lay  off  the  base-line  in  the  most  favorable  location,  and  let 
liie  angle  of  its  intersection  with  the  axis  of  the  bridge  be 
oblique.  A  general  method  of  procedure  is  given  in  the  fol- 
lowing illustration. 


were  taken  in  locstin;  the  M 
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(d)  Prattiail  a 
view  to  the  pro]>er  proportions  oi  tnangiea.  p.  iiM.  inia  win  make  eaea 
base-line  approximately  equal  to  the  total  Length  of  the  bridge,- — not  leaa, 
say,  thao  three  quarters  of  that  length.  (2)  Use  substantial  hubs  ami 
eupporting  stakes,  and  properly  protect  all  hubs,  p,  57.  (3)  Use  a  5D-ft, 
or  a  lOO-ft.  tape:  it  may  Tje  well  to  send  it  to  the  briiige  company  for 
compariaon  with  their  atandard.  (4)  Choose  the  end  of  the  base-line 
where  alt  piers  are  visible,  as  it  is  preferable  to  locate  all  piers  from  the 
same  point.  When,  however,  it  ia  unpraeticable  to  do  tbis.  either  because 
of  obstacles  to  sight  or  because  of  too  acute  io(»"»<-'i"no.  int.rmBriiato 
hubs  may  be  established  on  a  baae-line  for  locating 


irable.  il 
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different  piers.     (5)  If 
X  expaodeil,  v-  ^V^- 
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Meamring  angleg.  (6)  The  transit  should  be  graduated  to  Vf'  or  in 
important  work  to  10''.  (7)  The  angles  should  be  taken  in  sets  by  <XMne 
such  method  as  that  explained  on  p.  196,  and  the  most  probobla  vahie 
and  probable  error  of  each  angle  determined,  p.  19.  (8)  Tlie  error  in  the 
sum  of  the  most  probable  values  of  the  three  angles  in  each  of  the  main 
triangles  should  not  exceed,  as  a  rule,  5  seconds,  and  may  be  reduoed  to, 
say,  2  seconds  in  important  work.  An  error  of  one  second  in  an  angjs 
means  an  error  of  ^  inch  at  1000  ft.  (p.  198).  (9)  If  the  error  in  the  sum 
of  the  angles  is  too  large,  determine  from  the  field  notes  which  an|^  wa» 
measured  wider  the  most  unfavorable  weather  conditions,  and  raneasare 
that  angle  vst:  it  may  save  measuring  the  other  angles. 

Laying  olf  angles.  (10)  Lay  off  the  angle  for  locatm|E  a  pier  and  set  a 
wooden  target,  usually  on  the  opposite  shore,  where  it  is  not  likely  to  be 
disturbed.  Turn  off  the  angle  ten  to  twenty  times  eontinuouaiy  around 
the  limb,  marking  the  line  each  time  where  the  line  of  sight  strikes  the 
target.  '  This  will  result  in  a  series  of  lines,  the  average  of  which,  assumed 
to  be  correct,  is  marked  conspicuously  on  the  target.  Repeat  ^le  optfsr 
tion  for  each  intersecting  line  used  in  locating  each  pier.  Referenoe  each 
target.  (11)  When  piers  are  built  in  an  open  coffer-dam.  or  when  staging 
is  used,  points  on  lines  may  be  placed  on  tne  dam  or  the  stajdn|;  ^oid  oeesr 
sionally  tested  to  see  that  they  have  not  been  disturbed,  yihrji,  howevWt 
the  pier  is  built  in  a  movable  caisson  the  latter  should  bo  kept  in  plMe 
by  daily  tests :  no  angles  are  turned  off,  but  sights  are  taken  to  tVe  taigeta 
(12)  For  round  piers  only  one  point  is  given  (the  center).  Vat  'or  reetangn- 
lar  piera  an  additional  point  near  the  periphery  must  V't  f^ven  to  deted 
an^  rotation  of  the  pier  about  its  vertical  axis  during  ibo  fiinking  of  Un 
caLason. 


CHAPTER  XVin 

TRANSIT  SURVEYING—PROBLEMS 

• 

Tbbrb  are  certain  geometncal  and  trigonometrical  problems  which 
occasionally  arise  in  transit  surveying,  but  which  are  of  too  infrequent 
oocuirence  to  be  considered  a  part  of  the  routine  field  work.  These  prob- 
lems have  been  grouped  for  reference  in  this  chapter.  Many  of  them  are 
problems  in  simple  triangulation  to  which  the  methods  of  Chi4>ter  XVI 
apply. 


276.  Problems  in  Triangulation.  On  pages  64  to  66  are 
given  the  so-called  obstacle  problems.  Most  of  these  problems 
are  solved  in  transit  surveying  by  triangulation.  While  it  is 
not  often  necessary  to  resort  to  the  precise  methods  described 
in  Chapter  XVI,  the  points  emphasized  in  that  chapter  should 
be  kept  in  mind,  namely,  that  the  accuracy  of  any  triangulation 
depends  to  a  large  extent  upon  the  proportions  of  the  triangles 
and  that  very  oblique  intersections  should  be  avoided.  Usually 
it  will  be  sufficiently  accurate  to  measure  each  angle  with  an 
ordinary  transit  reading  to  minutes,  doubling  each  angle  if 
desired,  but  more  accurate  methods  should  be  adopted  when 
they  are  warranted  by  the  importance  of  the  work.  If  two 
lines  starting  from  the  same  point  make  an  angle  of  one  minute 
with  each  other,  they  will  be  approximately  0.03  ft.  apart  at 
100  ft.  from  their  intersections  and  0.3  ft.  apart  at  1000  ft., 
i.e.,  the  error  for  one  minute  of  arc  is  0  03  ft,  per  100  ft.  '  See  p. 
105.  These  quantities,  if  kept  in  mind,  will  often  suggest  the 
precision  with  which  angles  should  be  measured  in  order  to 
meet  given  requirements. 

277.  Obstacles  to  Transit  Surveying.  Obstacles  to  alignment 
and  obstax^les  to  measurement  give  rise  to  a  special  set  of  prob- 
lems in  transit  surveying.  Many  of  the  methods  already  given 
for  obstacle  problems  in  chaining  (Chapter  VII)  can  be  used  in 
transit  surveying,  and  with  greater  precision.  The  problems 
treated  in  this  chapter  are  those  most  likely  to  arise  in  prac- 
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tice.  Two  or  three  constructions  are  explained  for  each  piob* 
lem — enough,  it  is  thought,  to  suggest  other  methods  not  only 
for  problems  given  here,  but  also  for  those  probl^ns  whidi 
occur  so  seldom  in  practice  that  they  have  been  omitted.* 

Choosing  methods.  In  choosing  between  the  methods  given 
for  each  problem  two  things  are  to  be  considered:  ticcuracy 
and  time.  When  one  method  seems  as  accurate  as  another 
and  it  is  simply  a  question  of  which  is  the  quicker,  it  should  be 
noted  that  constructions  which  require  the  least  time  when 
worked  out  on  pa^er  sometimes  require  the  most  time  when 
worked  out  in  the  field.  Thus,  for  example,  the  intersection 
of  two  straight  lines  is  quickly  found  on  paper,  but  not  so 
quickly  in  the  field.  Perpendiculars  and  paraUels  are  quickly 
drawn  on  paper,  but  corresponding  operations  in  the  field  may 
involve  considerable  work. 

Obstacles  to  Alignment 

(a)  To  prolong  a  straight  line  through  an  obstacle.  Three 
methods  are  sho^^-n  in  Fig.  277  (a).     In  all  three  methods  each 


FiQ.  277  (o). 

point  at  which  the  transit  was  set  up  is  indicated  by  a  small 
triangle,  and  the  angles  actually  laid  off  are  noted  on  the  figure. 
The  hnes  to  be  prolonged  are  respectively  AB,  GH,  and  LM, 

First  method.  Lay  out  a  rectangle  BCDE,  the  fourth  side  of 
which,  BE,  is  in  the  required  line. 

Second  method.  Lay  out  an  equilateral  triangle,  HIJ,  the 
third  side  of  which,  HJ,  is  in  the  required  line. 

Third  method.  Lay  out  a  square  MXPO,  the  diagonal  of 
which,  MP,  is  in  the  required  line. 


*  For  a  very  complete  collection  of  such  problems  ■cc  Gillespie's  So^ 
veyJDg,  Vol  I,  pp.  2i5  to  257. 
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The  three  methodt  compared.  The  rectangle  method  is  less  scourate  than 
either  of  the  others  when  the  right  angles  at  C,  jD,  and  E  have  to  be  turned 
off  from  short  backsights.  When,  however,  the  lines  A'F^  and  EF  are 
established  by  offaeu  this  method  is  very  satisfactorv,  especially  when 
long  sights  parallel  to  the  original  line  can  be  taken.  Thus  A'  and  C  hav- 
ing been  established  by  offsets,  the  transit  may  be  set  at  either  point, 
meferably  A\  and  two  points  D  and  F'  established  in  the  line  A'C  produced. 
D  and  F  may  then  be  found  by  measurement,  assuming  that  the  offsets  are 
short.  This  is  about  the  only  method  that  is  used  when  the  space  is  too 
narrow  to  permit  triangles  to  be  laid  out.  Another  method  of  avoiding 
short  backsights  in  the  rectangle  method  is  to  set  some  point  C  in  BiJ 

{)roduced,  and  to  use  this  point  as  a  backsight  in  turning  off  90°  at  C,  Simi- 
arly  set  some  point  in  DE  produced,  as  far  away  as  convenient,  and  use 
this  point  as  a  backsight  in  turning  off  90°  at  E, 

Tae  equilateral-triangle  method  requires  fewer  set-uos  than  either  of 
the  others,  and  the  distance  HJ  is  known  without  calculation.  It  is  a 
good  method  to  use  especii^lly  if  an  equilateral  triangle  can  be  run  on  the 
vther  side  of  the  object  as  a  check.  The  third  method  has  the  advantage 
that  no  linear  measurements  are  necessary,  the  work  being  done  wholly 
with  the  transit.  If,  however,  the  distance  from  Af  to  P  is  required,  either 
the  diagonal  NO  must  be  measured  or  else  MP  must  be  calculated  from 
ihe  sides  of  the  square. 

Practical  HinU.  (1}  Of  course  convenient  distances  arbitrarily  chosen 
may  be  used  for  the  sides  of  the  figures,  but  if  possible  they  should  be  at 
least  from  100  to  200  ft.  long  to  avoid  short  backsights.  For  the  same 
reason  123°  was  measured  at  H  and  J  and  135°  at  M,  instead  of  60°  and  45° 
respectively,  it  being  presumed  that  the  longest  backsight  could  be  had 
in  the  direction  of  (7  or  /  in  one  case  and  in  the  direction  of  L  in  the  other. 

(2)  There  are  other  methods  than  the  three  given  which  are  equally 
good.  Of  course  any  system  of  triangulation  may  be  used,  but  it  is  well 
to  avoid  the  calculation  involved  in  the  use  of  oblique  triangles. 

(6)  To  run  a  line  between  two  given  points^  when  an  obstacle 
intervenes. 

First  method.  C  is  any  convenient  point  which  is  visible 
from  Cie  two  given  points  A  and  B.     Make  CD^AC  and  CE^ 


Fio.  277  (6). 

CB.  Measure  ACB  and  CDE.  Then  lay  off  the  angle  CAJ5  = 
CUE,  and  the  angle  CBA  =  180°  -  (ACB  -f-  CDE).  (Or  the  value 
of  CBA  can  be  found  by  measuring  CED.  This  affords  a  check.) 
Transit  points  and  angles  actually  measured  or  laid  off  are  indi- 
cated on  the  figure  by  arrows. 

Another  method.     Measure  AC  and  BC,  also  the  angle  ACB,  and  solve 
for  the  two  angles  CAB  and  CBA  by  trigonometry. 

Second  method.    Choose  i/,  any  convenient  point  visible  from 
the  two  given  points  F  and  G.    Produce  FR  to  bohv^  ^ovcA.  3 
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and  measure  GHJ.  Turn  off  at  G  the  angle  HGI^W^^OHJ, 
This  makes  G/F  a  right  angle.  Hence  tan /fFG-G/-f-F/.  Ufa 
angle  thus  calculated  is  laid  off  at  F,  and  its  eomplemenit  at 
G,  the  angle  at  G  being  laid  off  first  to  save  a  "aet>up." 

Ptattiecd  hinia.     The  first   method   requiree  four  aet-iipa*  tlie 
three,  but  trigonometrical  computation  is  invcjved  in  the 
•aeond  method  can  be  used  sometimes  where  there  is  not 
ground  to  lay  out  the  first. 


ThB 
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Obstacles  to  MEAsnuacsNT 

(c)  To  measure  between  two  points  when  one  is  inaecemble.   The 
methods  given  for  solving  this  problem  with  the  tape  (see  page 


Fig.  277  (c\ 

64)  can  be  used  also  with  the  transit.  There  are  sev^id  otiier 
methods,  three  of  which  are  given  here. 

First  method.  Lay  off  a  base-line  AC  perpendicular  to  the 
required  line  AB,  and  of  any  convenient  length.  Then 
ACxtsinBCA^AB. 

Second  method.  I^y  off  DF  perpendicular  to  the  required 
distance  DE,  and  of  any  convenient  length.  Measure  DFE  and 
lay  off  DFG  =  DFE.     Then  DH  =  DE. 

Third  method.  Wlien  both  ends  of  the  lines  are  accessiUe  a 
third  point  K  may  be  chosen.  In  the  triangle  DKE  measure 
enough  parts  to  obtain  DE,  as,  for  example,  two  sides  acd 
included  angle,  or  one  side  and  two  adjacent  angles. 


t 


Pradical  hirUa.  The  second  method  appears  on  paper  to  be  the 
as  no  calculation  is  involved.  Considerable  work  is  inrdlved,  hotrever. 
ia  Ujdng  off  accurately  the  angle  DFG  and  in  finding  the  preciae  point  ol 
intersection  at  H,  i.e..  the  intersection  of  FG  with  ED  produeed.  Mon* 
over,  many  times  there  is  not  room  to  lay  off  DH. 

To  check  either  the  first  or  the  «econd  method  repeat  the  pmeess,  osinga 

perpendicular  or  base-line  of  different  length.     To  check  the  third  method. 

choose  a  new  point  in  pbce  of  K.  and  repeat  the  process.     Sometimefl  it 

Js  Ixtter  to  check  one  method  by  using  an  entirely  different 
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(d)  Special  case.  To  measure  the  distance  between  two  given 
points  when  one  is  invisible  from  the  other  and  is  also  inaccessible. 

One  solution.  Choose  two  auxiliary  points  visible  from  both 
of  the  given  points  and  from  each  other.  The  inaccessible  point 
and  the  two  auxiliary  points  form  a  triangle,  and  by  measuring 
the  angle  at  each  of  the  auxiliary  points  and  using  the  distance 
between  them  as  a  base,  the  sides  of  the  triangle  can  be  calcu- 
lated. An  auxiliary  point,  the  given  point,  and  the  inaccessible 
point  form  a  triangle  one  side  of  which  has  just  been  found  by 
calculation,  another  side  (from  the  given  point  to  the  auxiliary 
point)  can  be  measured,  and  the  angle  between  these  two  sides 
can  also  be  measured.  The  third  side  (the  required  distance) 
can  then  be  found  from  these  two  sides  and  the  included  angle. 

Remark.  This  is  an  example  of  numerous  special  rases  which  now  and 
then  arise  in  practice,  the  solutions  of  which  depend  on  various  forms  of 
trian (filiation.  The  student  should  draw  a  figure  ill  js-trating  the  method 
here  given. 


Fig.  277  («). 


(e)  To  measure  between  two  points  when  both  are  inaccessible. 
Let  AB,  Fig.  277  (c),  be  the  required  distance.  Lay  off  any 
convenient  base-line,  as  CD,  and  meas- 
ure its  length.  At  C  measure  the 
angles  ACD  and  BCD.  At  D  measure 
ADC  and  BDC,  In  each  of  the  tri- 
angles ACD  and  BDC  one  side  and 
two  adjacent  angles  are  now  known, 
and  hence  the  distances  AC,  AD,  BC, 
and  BD  can  be  calculated.  AB  can  then  be  found  from  either 
:>f  the  triangles  ACB  or  ADB,  one  computation  serving  as  a 
sheck  on  the  other.  (Two  sides  and  included  angle.  See  formulas 
n  the  back  of  the  book.) 
(/)  To  meoMLre  the  height  of  an  inaccessible  point. 
General  method.     In  Fig.  277  (/),  J5  is  the  point  the  height  of 

which  is  required.  The  transit  is  set  up  at 
any  convenient  point  A,  and  the  vertical 
angle  BAC  is  measured,  AC  being  a  hori- 
zontal line. 

Case  I.  When  AC  can  be  measured 

BC  =  ACXtSLnBAC, 
Case  II.  When  C  is  inaccessible  find  -AC  by 
one  of  the  methods  of  Art.  277  (c)  and  proceed  as  vn  C«JBfc\. 
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Practiad  hinU.  Note  that  the  resulting  heic^t  BC  is  tlie  liei^it  of  B 
above  the  aupporting  axis  of  the  teUacope.  The  hei^t  of  B  aborve  tmy 
point  on  the  ground  can  then  be  found  by  the  UMial  methods  of  levdbM 
or  by  the  vertical-angle  method  just  explained.  There  are  other  methodi 
of  solving  the  problem,  one  of  which  is  to  establish  a  pcmk  in  AC  as  D; 
from  the  triangle  ABD  find  AB  and  then  determine  BC.  This  method 
is  simple  in  theory  but  difficult  in  practice,  i.e.,  it  is  difficult  to  measnvB 
the  angle  BDC.     (Why?) 

278.  Perpendiculars  and  Parallels. 

(a)  To  establish  a  perpendicular  to  a  given  line  from  any  given 
ooint. 


Case  I.  When  the  given  line  AC  and  the  given  point  B  are  hoA 
accessible.  At  any  point  A  on  AC  measure  CAB,  and  at  B 
lay  off  ABB'  =  90°-CAB. 

Case  II.  When  the  given  line  EF  is  a^xessible  htU  the  gik/en 
point  D  is  inaccessible.  At  any  two  |>oints  E  and  F  measure 
DEF  and  EFD.  Then  EDF  =  180° -(DEF  -\-EFD)  and  EG^ 
[EFX sin  EFDX cos  DEF]-^ sin  EDF, 

Case  III.  When  the  given  point  J  is  accessible  but  the  given 
line  HI  is  inaccessible.  Choose  some  point  K,  and  with  KJ  as 
a  base-line  find  the  angle  JHI  by  the  method  of  Art.  277  (e), 
p.  223.     Turn  off  HJL  =  90° -JHI. 

(b)  To  establish  a  line  through  a  given  point  parallel  to  a  given 
line. 


Fio.  278  (6). 


Case  I.  When  the  given  line  AB  and  the  given  point  C  are  both 
accessible.  At  any  point  B  measure  ABC,  and  at  C  lay  off 
BCD^\%0°-ABC. 

Case  II.  When  the  given  line  EF  is  accessible  but  the  given 
point  G  is  inaccessible.      \t  any  two  points  E  and  F  measure 
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GEF  and  EFG.  At  F  lay  off  EFW^GEF,  and  at  E  lay  off 
FEH  =  EFG,  The  intersection  of  EH  and  F^'  is  a  point  in  the 
required  line  through  G. 

Case  III.  When  the  given  point  K  is  accessible  but  the  given 
line  IJ  is  inaccessible.  Choose  some  point  L,  and  with  KL  as 
a  base-line  find  the  angle  UK  by  the  method  of  Art.  277  (e), 
p.  223.     La,yof[JKM=IJK. 


CHAPTER  XIX 

USE  OF  THE  LEVEL  AND  THE  LEVELING-ROD 

Mant  of  the  directions  for  setting  up  the  transit  and  for  using  its  tele- 
scope (Chapter  IX)  applv  equally  well  to  the  use  of  the  level,  so  that  onlv 
a  few  additional  suggestions  are  neceesary.  Before  undertaking  any  wan 
in  leveling,  however,  the  student  should  practice  reading  the  levelmg-rod 
following  the  directions  given  in  this  chapter.  Special  attention  is  eaUed 
to  the  "danger-points"  or  places  on  the  rod  where  mistakes  in  reading mn 
most  likely  to  be  made. 


279.  Setting  up  the  Level.  In  setting  up  the  level  the  sole 
object  is  to  get  the  axis  of  the  telescope  level,  and  to  keep  it 
there,  so  that  the  line  of  sight  will  always  revolve  in  the  same 
horizontal  plane.  The  process  is  easier  than  that  of  setting  up 
a  transit,  since  it  is  not  necessary  to  center  the  instrument  over 
any  given  point.  Plant  the  tripod  legs  in  the  ground  so  that  I 
the  head  of  the  instrument  is  approximately  level  as  judged 
by  the  eye.  Turn  the  telescope  until  it  is  above  two  dioffonaUy 
opposite  thumb-screws,  and  bring  the  bubble  t©  the  center  of 
the  tube  by  turning  the  screws  (see  p.  88).  Turn  the  telescope 
until  it  is  over  the  other  pair  of  screws  and  level  up  as  before. 
Turn  it  back  until  it  is  over  the  first  two  screws  and  repeat  the 
process,  first  over  one  pair  of  screws  and  then  over  the  other, 
until  the  bubble  stays  in  the  center  of  the  telescope  no  matter 
in  what  direction  the  latter  may  be  pointed. 

Practical  hinia.  (1)  The  bubble  will  move  in  the  direction  in  which  the 
left  thumb  is  turned. 

(2)  Observe  the  first  four  hints  for  manipulating  the  tripod  given  (W 
p.  87,  Art  114,  and  the  hints  for  using  the  thumb-screws  given  on  p.  88, 
Art.  114. 

(3)  Observe  the  suggestions  as  to  where  to  set  up  given  in  Art.  322,  p. 
251,  and  note  the  errors  (Art.  349)  which  arise  from  setting  up  care- 
lessly.    It  is  especially  important  that  the  level  should  not  settle. 

(4)  If  the  level  is  out  of  adjustment,  it  may  be  impossible  to  set  it  up 
so  that  the  bubble  will  remain  in  the  center  for  all  positions  of  the  tele- 
scope, but  errors  from  this  source  may  be  eliminated  by  making  baek' 
sight  and  foresight  equal. 
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280.  Use  of  the  Telescope.  Suggestions  for  focusing  and 
sighting  have  already  boon  given  on  page  85.  Additional  pre- 
cautions are  necessary  in  leveling,  for  the  accuracy  of  the  work 
depends  to  a  large  extent  on  keeping  the  line  of  sight  truly  hori- 
zontaL  Anything,  therefore,  which  tends  to  throw  the  telescope 
in  the  least  out  of  level  should  be  avoided. 

The  whole  instrument,  and  especially  the  telescope,  should 
be  handled  with  a  delicacy  of  touch  that  will  preclude  any 
serious  disturbance,  such,  for  example,  as  that  which  may  come 
from  the  downward  pressure  of  the  hand  upon  the  focusing- 
screw  while  sighting  through  the  telescope. 

(a)  An  experiment.  The  results  of  the  following  simple  experiment  wUl 
surprise  even  experienced  levelmen  who  have  never  tned  it,  and  will  im- 
.  press  upon  the  beginner  the  great  sensitiveness  of  a  good  level.  Carefully 
set  up  and  level  the  instrument.  (1)  Rest  the  hands  rather  heavily  upon 
two  legs  of  the  tripod  and  watch  the  bubble  "move  out,"  returning  to  place 
when  the  hands  are  removed.  (It  vrill  often  move  out  three  or  four  divi- 
sions, which  mi<;ht  make  an  error  of  0.15  ft.  in  a  rod-reading  if  the  rod 
were  held  300  ft.  from  the  instrument.)  (2)  The  same  results  will  follow 
if  the  weight  of  the  hand  rests  on  the  focusing-screw  of  the  object-glass 
or  the  eyepiece  at  the  rear  of  the  telescope.  Moral.  Keep  the  nanas  off 
the  instrument  after  it  is  focused  on  the  leveling-rod.  (3)  Place  several 
fingers  on  one  end  of  the  gflass  bubble-tube  and  observe  how  the  warmth  of 
the  fingers  will  "draw"  the  bubble.  Moral.  Very  accurate  work  cannot 
be  done  when  the  sun  shines  on  one  end  of  the  tube  and  not  on  the  other. 

281.  Reading  the  Leveling-rod.  There  are  two  methods, 
viz.:  (1)  The  rodman  moves  the  target  up  or  down  until  a  sig- 
nal from  the  levelman  tells  him  that  the  center  of  the  target  is 
exactly  covered  by  the  horizontal  hair  in  the  level;  (2)  The 
levelman  observes  the  division  on  the  rod  exactly  covered  by 
the  horizontal  hair,  and  gets  the  reading  directly  through  the 
telescope  without  the  use  of  a  target. 

The  method  of  reading  the  target  depends  upon  whether  the 
target  is  provided  with  an  ordinary  scale  or  with  a  vernier. 
Both  cases  are  explained  in  the  s-.cceeding  pages. 

Note.  In  exnliining  how  to  read  the  leveling-rod  (Arts.  282-283)  it  is 
taken  for  granted  that  the  target  is  used.  Once  having  learned  to  take 
target  readings  correctly,  it  is  an  easy  matter  to  read  the  rod  directly 
through  the  telescope. 
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282.  Targets  with  Ordinary  Scales.  The  figures  on  the  op- 
posite page  illustrate  two  forms  of  the  Philadelphia  rod.  The 
ffcales  on  all  six  targets  are  exactly  alike,  i.e.,  each  is  a  tenth  of  a 
foot,  rabdivided  into  hundredths  and  half-hundredths  (0.005 
ft.).  In  the  three  upper  figures  the  smallest  division  on  the 
rod  is  one  tenth  of  a  foot,  while  in  the  three  lower  figures  each 
tenth  is  further  subdivided  into  ten  parts,  or  hundredths  of  a 
foot.  This  latter  subdivision  is  for  reading  without  a  target. 
In  target-readings  no  aitention  is  paid  to  hundredths  of  a  foot  on 
the  rod.  In  the  three  lower  figures  readings  are  taken  to  the 
upper  edge  of  a  black  mark  instead  of  to  a  fine  line,  as  in  the 
upper  figures:  this  is  the  only  difference  between  the  two  forms 
of  rods  so  far  as  target-readings  are  concerned.  Note  that  the 
target-scales  are  not  verniers, 

(fl)  To  read  the  rod.  (1)  Note  the  nearest  foot  below  the  zero 
or  target-center. 

(2)  Note  the  nearest  terUh  of  a  foot  below  the  target-center. 

(3)  Note  the  division  on  the  scale  opposite  the  tenth  of  a 
foot  observed  in  (2). 

(4)  If  no  division  oil  the  scale  coincides  with  the  tenth  of  a 
foot-mark  on  the  rod,  note  the  nearest  division  on  the  scale 
above  the  mark  on  the  rod  and  estimate  the  thousandths  of  a 
foot  thus:  5.31+0.003  (estimated)  =  5.313.  The  method  of  get- 
ting the  correct  reading  for  each  rod  (printed  on  the  target)  is 
given  below. 
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(6)  Common  mistakes.  (1)  To  omit  a  zero  from  a  reading; 
thus,  5.25  instead  of  5.205,  or  6.05  instead  of  6.005,  or  6.65  in- 
stead of  6.065. 

(2)  To  omit  two  zeros  from  the  reading;  thus,  6.5  instead  of 
6.005. 

(3)  To  take  the  nearest  numbered  division  above  the  target- 
center  instead  of  behw  it;  thus,  6.94  instead  of  5.94,  or  6.105 
instead  of  6.005,  or  6  J_65  instead  of  6.065.  "~ 

Remark.     A  study  of  the  figures  on  the  opposite  page  wvVV  ^.Vvo^  \}tva\.  \}as. 
aboviB  mistakes  are  natural  ones  loi  the  beginner  to  uiake. 
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283.  Targets  with  Verniers.  Hundredths  are  read  on  the 
rod  itself  instead  of  on  the  target,  as  in  the  preceding  illustra- 
tion. Thousandths  are  read  from  the  vernier,  not  estimated. 
The  graduations  on  the  New  York  rod  (three  upper  figures,  op- 
posite page)  do  not  differ  from  those  on  the  second  form  of 
Philadelphia  rod,  except  that  hundredths  of  a  foot  are  marked 
with  fine  lines.  On  the  target,  however,  ten  divisions  correspond 
to  nine  on  the  rod  (see  middle  figure),  or  each  division  is  -^stis  ^^* 
shorter  than  a  division  on  the  rod. 

To  read  the  rod.  (1)  Read  feet,  tenths,  and  hundredths  by 
observing  the  position  of  the  vernier  zero.  (2)  Read  thou- 
sandths by  observing  what  mark  on  the  vernier  coincides  with 
amy  mark  on  the  rod. 

Feet + Tenths  +  Hundredths  +  Vernier  »  Reading  Mistaken   readings 

5+     0     +         0         +      8     =5.008        5.08' or5. 8 
.6+0+         1         +0=  5.010        5.10 
4+     9     +         8         +6     =4.986        5.986or5.16 

284.  Extended  Rods.  When  a  reading  is  over  7  ft.  the 
front  half  of  the  rod  is  extended  up,  and  the  reading  is  taken 
from  the  back  of  the  lower  half.  Each  of  the  first  three  lower 
figures  on  the  opposite  page  represents  the  back  of  a  Philadel- 
phia rod,  while  the  fourth  figure  represents  a  Xew  York  or  ver- 
nier rod.  The  graduations  on  the  back  of  the  rod  are  numbered 
from  the  top  downwards,  or  in  just  the  reverse  direction  from 
the  numbering  on  the  front  of  the  rod.  Consequently,  in  read- 
ing the  back  of  the  rod,  observe  the  nearest  foot  and  tenth 
above  the  zero  of  the  scale  instead  of  below  it,  i.e.,  read  down- 
ward instead  of  upward;  this  vi  the  only  difference  between 
reading  the  back  and  the  front  of  a  leveling-rod. 

(a)  To  itse  a  high  rod.     The  first  step  is  to  set  the  center  of 

the  target  exactly  opposite  the  7-ft.  mark  on  the  front  of  the 

rod.     Before  extending  the  rod  the  reading  on  the  back  should 

be  exactly  7  ft.  (see  first  figure),  and  the  target  should  be  exactly 

7.0  ft.  from  the  base  of  the  rod.     (See  Art.  286  for  precaution.) 

If  the  front  half  of  the  rod  with  the  target  fixed  at  7  ft.  is 

then  raised,    say,  0.06  ft.,  the  reading  on   the   back   should 

be  0.06  (Bf^  second  figure).     The  reading  for  the  third  rod  is 

8.205.     (Mistaken  readings   8.25,  7.25.)      For  the  vernier  rod 

the  uc>vrect  reading  is  9.097.     (Mistaken  readings  9.97,9A(yU 
fi  inr7  \ 
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(6)  Remark.  The  chief  source  of  error  in  reading  a  "high  rod"  is  to 
read  the  back  of  the  rod  upwar(Mnstead  of  downward.  The  Boston  rod 
(a  form  not  shown  here)  must  be  inverted  end  for  end  when  used  as  a 
high  rod.  On  many  rods  the  last  graduation  on  the  front  and  the  first  on 
the  back  is  6.5  ft.  instead  of  7  ft. 

(c)  Note.  The  upper  half  of  levellng-rods  should  be  graduated  so  that, 
if  desired,  the  extended  rod  can  be  read  directly  through  the  telescope. 
Some  rods  are  jointed  near  the  bottom  so  that  practically  the  whole  front 
haUf  of  the  rod  is  extended  for  a  high  rod.  In  this  case  the  surveyor  ean 
graduate  the  back  of  the  upper  half  for  himself  if  the  maker  has  failed  to 
do  so. 

285.  The  Difference   l>etween  Methods  of   Reading  the 

ordinary  rod  and  a  vernier  rod  may  be  summed  up  as  follows: 


Target  with  a  scale 

(1)  It  is  not  necessary  to  ob- 
serve the  hundredth  of  a  foot  on 
the  rod;  take  the  nearest  tenth 
below  the  zero  of  the  scale  (or 
above  it  for  extended  rod). 

(2)  Thousandths  are  esti- 
mated. 


Target  with  a  vernier 

(1)  The  hundredth  of  a  foot- 
mark on  the  rod  just  below  the 
zero  of  the  verjiier  (or  (ibove  it 
for  extended  rod)  must  be  ob- 
served. 

(2)  Thousandths  are  read 
from  the  vernier. 


286.  To  Test  a  High  Rod-reading.  When  using  any  rod 
for  the  first  time  the  following  tet  should  be  made:  Clamp  the 
target  at  the  highest  mark  on  the  front  of  the  rod,  set  the  zero 
at  the  corresponding  mark  on  the  back  of  the  rod,  measure  from 
the  base  of  the  rod  to  the  target-center  with  a  steel  tape  or 
another  leveling-rod,  and  see  if  this  measurement  agrees  with 
the  reading  (6.5  ft.  or  7.0  ft.).  If  it  does  not  agree,  make  a  fine 
scratch  on  the  face  of  the  rod  to  indicate  where  the  target 
should  be  set.  Set  the  target  at  this  scratch,  extend  the  rod 
to  any  reading,  clamp,  measure  to  the  target-center,  and  com- 
pare readings  as  before.  Repeat  this  last  step  two  or  three 
times;  it  not  only  shows  exactly  where  to  set  the  target,  but 
it  settles  all  doubt  as  to  how  the  rod  is  read  when  extended. 
If  an  error  is  found,  attach  a  marked  tag  to  the  rod  or  mark 
the  rod  in  some  other  way  as  follows:  "The  target  on  this  rod 
should  be  set  at  6.995  instead  of  7.0  ft.  for  all  high  rod-readings." 

Remark.  The  error  described  above  is  very  often  found  in  leveling-rods, 
especially  if  they  have  been  used  for  some  time.  It  is  often  caused  by 
letting  a  high  rod  down  "on  the  run,"  thus  jamming  the  small  piece  aA 
the  upi)er  end  of  the  rod,  and  gradually  knocking  it  upward.  Out  of  a 
large  number  of  school  rods  examined  by  the  author  over  75%  contained 
this  error. 

A  second  test.    Ascertain,  by  measuring  with  a  tape,  the  read- 
ing at  which  the  scale  or  vernier  on  the  back  of  the  rod  should 
/?e  set  in  order  that  readings  taken  on  the  front  of  the  rod  above 
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the  joint  shall  be  correct.  It  is  not  safe  to  assume  that  when 
the  joint  is  closed  in  perfect  contact  the  readings  above' it  wiU 
be  correct.  (Why  is  it  better  to  have  this  joint  near  the  top  of 
the  rod  than  near  the  bottom?) 

287.  Use  of  the  Hand-level.  Hold  the  level  to  the  eye  and 
raise  or  lower  the  end  until  the  reflection  of  the  bubble  is  exactly 
bisected  by  the  cross-hair,  llie  horizontal  line  of  sight  thus 
estabUshed  is  at  the  elevation  of  the  eye.  There  are  two  ways 
of  leveling  with  a  hand-level. 

(1)  To  stand  erect.  In  this  case  the  "height  of  instrument" 
is  found  by  adding  to  the  elevation  of  the  ground  upon  which 
the  observer  is  standing  the  height  of  the  eye  above  the  ground. 
Any  other  point  which  the  line  of  sight  strikes  is  of  the  same 
elevation  as  the  eye.  Selecting  such  a  point  and  -moving  for- 
ward to  it,  the  observer  stands  with  his  feet  on  a  level  with  it, 
and  establishes  a  new  "height  of  instrument"  as  before. 

Note.  The  above  method  is  used  when  leveling  up  hill.  In  leveling  down 
hill  the  process  is  reversed.  The  leveler  moves  down  each  time  to  a  point 
where  he  can  stand  and  have  the  horizontal  line  of  sight  strike  the  point 
which  he  just  left.  He  can  then  find  the  elevation  of  the  ground  where  he 
is  standing  by  subtracting  the  height  that  his  eye  is  above  the  ground  from 
the  elevation  of  the  point  sighted  at. 

(2)  To  rest  the  level  on  a  rod  of  known  height,  say  five  feet. 
lliis  is  more  accurate  than  the  preceding  method,  as  the  height 
of  instrument  is  always  exactly  five  feet  above  the  ground  upon 
which  the  rod  rests. 

The  hand-level  is  intended  to  give  only  approximate  results, 
and  is  used  mostly  for  locating  contours.  In  this  work  it  is 
usually  necessary  to  start  with  the  hand-level  at  the  elevation 
of  one  of  the  required  contours.  This  is  done  by  backsighting 
on  a  bench-mark  or  point  of  known  elevation,  as  explained  in 
the  following  illustration. 

Illustration.  It  is  required  to  locate  contours  at  five-foot  intervals. 
(See  Chapter  XXVII.)  The  elevation  of  the  bench-mark  nearest  to  the 
Btarting-point  is  93.684  ft.  The  hand-level,  held  on  a  five-foot  rod,  Ls  moved 
UD  or  down  hill  until  the  line  of  sight  strikes  1.3  ft.  (or  95-93.7)  from  the 
base  of  a  rod  held  on  the  bench-mark.  Then  the  height  of  the  line  of 
eight  must  be  95  ft.,  and  the  elevation  of  the  ground  at  the  base  of  the 
xx>d  supporting  the  hand-level  is  95—5  =  90  ft. 


CHAPTER  Xa 

LEVELING— THEORY 

In  this  chapter  the  theory  of  leveling  is  explained  without  entering  upon 
the  practical  details  of  the  field  work.  Leveling  terms  are  defined  and 
forms  given  for  level  notes.  Practical  directions  and  suggestions  for  field 
work  will  be  found  in  the  next  chapter. 


288.  Leveling.  A  branch  of  surveying  the  object  of  whicb 
is: 

(a)  To  ascertain  the  difference  of  elevation  between  two  or 
more  points. 

For  example,  to  find  how  much  a  given  point  on  the  earth's 
surface  is  higher  or  lower  than  another  given  point. 

(6)  To  establish  one  or  more  points  at  the  same  or  at  differ- 
ent elevations  with  respect  to  a  fixed  point. 

For  example,  to  establish  points  all  on  a  level  or  on  a  slope 
for  grading,  or  to  fix  the  heights  for  different  parts  of  a  struc- 
ture. 

289.  Datum.  In  any  given  survey  all  elevations  are  referred 
to  some  common  datum.  This  datimi  is  usually  an  imaginary 
level  surface,  all  points  of  which  are  assumed  to  have  an  eleva- 
tion of  zero.  The  elevation  of  any  other  point  is  its  distance 
above  or  below  this  surface  or  datum. 

290.  Datum  Line  and  Datum  Plane  are  two  terms  whose 
meanings,  though  obvious,  are  less  general  and  comprehensive 
than  the  simple  term  datum.  In  fact,  as  pointed  out  on  page  1, 
a  level  surface  is  not  a  plane  surface  but  a  curved  surface, 
hence  a  level  line  is  not  a  straight  line  but  a  curved  line.  This 
distinction  is  not  often  made,  however,  in  plane  surveying,  since 
curvature  of  the  earth's  surface  is  ignored. 

The  mean  sea-level  affords  a  convenient  datum  the  world 
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over,  and  elevations  are  commonly  given  as  so  much  above  oi 
below  sea-level.  It  is  often  more  convenient,  however,  to 
assume  some  other  datum,  especially  if  only  the  relative  eleva- 
tions of  points  are  required. 

291.  Bench  or  Bench-mark.  A  fixed  point  of  reference 
whose  elevation  with  respect  to  some  assumed  datum  is  kno\Mij 
it  is  used  either  as  a  starting-point  for  leveling,  or  as  a  point 
upon  which  to  close  as  a  check.  In  a  survey  of  any  extent 
there  are  usually  a  number  of  such  bench-marks,  established 
with  respect  to  the  same  datum  and  at  points  where  they  are 
most  needed. 

lUustration.  A  city  establishes  an  elaborate  system  of  bench-marks  so 
that  by  starting  at  any  one  of  them  a  surveyor  can  determine  elevations 
with  respect  to  the  same  datum  that  the  city  uses  in  its  engineering  work, 
and  if  it  is  more  convenient  to  end  at  a  different  bench  from  that  at  which 
he  started,  he  will  still  have  a  check  upon  his  work. 

Remark.  The  elevation  of  the  firgt  bench-mark  is  sometimes  arbitrarily 
assumed,  as,  for  example^  an  even  hundred  feet,  but  this  is  equivalent  to 
assuming  arbitrarily  a  datum  one  hundred  feet  below  that  particul  ir 
bench-mark  instead  of  assuming  the  sea-level  as  the  datum.  This  would 
be  done  only  when  the  relative  elevations  are  required  regardless  of  tho 
elevations  above  sea-level. 

292.  Stations.  Points  whose  elevations  are  to  be  ascer- 
tained or  points  that  are  to  be  established  at  a  given  elevation. 
Notice  that  a  station  is  where  the  leveling-rod  is  held  and  not 
where  the  level  is  set  up. 

Remark.  In  transit  surveying  the  transit  is  usually  set  up  directly  over 
a  station.  In  leveling,  on  the  contrary,  the  level  is  practically  never  set 
up  over  a  station,  but  is  placed  at  any  convenient  point  from  which  the 
stations  can  be  seen. 

293.  Plane  of  Sig^ht.  If  a  level  is  in  adjustment  and  prop- 
erly set  up,  the  line  of  sight  will  revolve  in  a  horizontal  plane, 
i.e.,  it  will  always  lie  in  a  horizontal  plane  of  sight  no  matter  in 
what  direction  the  telescope  is  pointed.     (See  Fig.  294  (a).) 

Remark.  Since  this  plane  is  perpendicular  to  a  plumb-line,  it  is  tan- 
gent to  a  level  surface  at  the  point  where  the  instrument  stands,  but,  as 
already  pointed  out,  the  distinction  between  a  level  surface  and  a  horizon- 
tal plfluoe  is  not  an  important  one  in  plane  surveying. 

294.  The  Two  Essential  Steps  in  Leveling.  After  setting 
up  a  level  the  first  step  is  to  ascertain  the  elevation  of  its  plane 
of  sight  by  measuring  up  to  this  plane  from  some  point  whose 
elevation  with  respect  to  the  assumed  datum  is  known;  then  the 
elevation  of  any  other  point  may  be  found  by  measuring  down 
from  the  plane  of  sight.  These  two  steps,  (1)  measuring  up  to 
and  (2)  dotm  from  the  horizontal  plane  of  sight,  should  b^  tVv!^ 


first  conception  of  Bpiiit-Ieveling,  for  It  ie  one  most  helpful  L 
practice,  and  comprises  practically  the  whole  theoiy. 


of  Sight  ^, 


(a)  miufralfon.     Let  the  elevation  of  the  bench-nuiTk 


(o)  Hhulrat 
K)  it.  above 


tingjjp  the  li 
ht.     The  Utw 


rkhiFU.3M(a)ba 

uoertsln  the  elevs- 

"is'*to  M<^na[^uJ^  election  of 
[  sight  Htrikes  a  leveUne-rod  helJ 
rod.     The  elevation  of  the  pUne 


0  X  aod  i 

Is  4  ft.  dmm 

rom  When  the 

ht  nrikea  the  rod  to  the 

haw  of  the  rod.  the 

n  the   KTound  at  A 

(t.  below  the  plane  of  aight.  or  the 

elevation 

tA 

itioe-4-ita 

S  ft.  below  the  plan 

nf 

ieht.  its  «leva- 

ii^lOa-S'^  ft.;  if  att,  the  gro 

nrt  13  a  ft 

bel 

wtl^eplawot 

elevation  at  C  u.  109- 

ThuH  th 

el 

vations  of  »ny 

pointa  may  be  obtained 

The  leveling-rod  is  gn 

»,  and  no  there  i>  realfy 

duated  i 

only  one 

dire 

ctioo,  from  the 

no  differe 

nee  hetwee 

down,  but  it  ia  well  tt, 

hink  of 

nfasuring 

o  aacertain  the 

of  the  plane  of  sight,  and 

aaoaitain  ths  eleva- 

nts  on  the  ground. 

295.  Height  of  Instrument.  The  elevation  of  the  plane  of 
sight  with  respect  to  the  assumed  datum.     Thus,  for  eumple, 

106  ft.  is  the  height  of  instrument  in  Fig.  294  {a). 

lUmark.  Notine  that  height  of  instrument  does  not  mean  the  beiKht  of 
the  telwcope  above  the  ground  whe—  '^-  '—'  -•—■'-    —  -■---  -■  -      - 

296.  BackslKht.  A  sight  taken  on  a  rod  held  at  a  point  of 
kru>wn  elevation  to  ascertain  how  far  the  plane  of  sight  is  oiovt 
that  point,  thus  establishing  the  height  of  inglruTnent  with  re- 
xpect  to  the  assumed  datum.  For  example,  the  sight  on  the 
bench.  Fig.  294  (o),  ia  a  bacltsifht. 


Senmrk.     Backsightin) 


F  from  tlw  p< 


397.  Foresight.  A  sight  taken  on  the  rod  held  at  a  pomt  of 
unknown  elevation  to  ascertain  how  far  that  point  is  bdoto  the 
plane  of  sight,  thus  determining  the  elevation  of  that  poinfe 
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with  respect  to  the  assumed  datum.    Thus,  for  example,  in 
Pig.  294  (a)  sights  on  A,  B,  and  C  are  foresights. 

Remark.  Foresighting  is  equivalent  to  measuring  down  from  the  plane 
c^  sight  to  the  point  whose  elevation  is  reauired. 

Confution  of  terms.  The  terms  backsight  and  foresight  are  unfortunate 
terms  because  they  imply  direction.  They  have  nothmg  whatever  to  do 
with  direction.  A  backsight  is  not  necessaiily  on  a  point  behind  the 
level*  and  a  foresight  may  be  anywhere  in  front,  to  one  side,  or  behind, 
as  shown  in  Fig.  2d4  (a),  where  all  the  sights  except  that  on. the  bench 
are  foresights. 

An  effort  has  been  made  to  avoid  this  confusion  of  terms  by  adopting 
the  term  jAue  eight  in  place  of  backsight,  since  the  backsight  reading  is 
alwajrs  added  to  a  known  elevation,  and  minue  sight  in  place  of  foresight, 
because  the  foresight  reading  is  always  eubtracted  from  the  height  of  instru- 
ment. Tne  chief  objection  to  this  change  is  that  a  minue  foresight  already 
has  one  meaning,  i.e.,  a  foresight  taken  to  some  point  above  the  plane  of 
sight,  as  ocoxsionilly  happens,  for  example,  in  tunnel  work  or  in  leveling 
for  a  line  of  overhead  shafting. 

It  will  not  be  necessarjr  for  the  beginner  to  ask  the  usual  question: 
"How  can  you  tell  which  is  a  baokeight  and  which  is  a  foreeigktr"  if  he 
win  keep  in  mind  that  the  object  of  backsighting  is  to  establish  the  height 
of  instrument  (plane  of  sight),  while  in  foresighting  the  object  is  to  asceri 
tain  the  elevation  of  some  point. 

298.  Abbreviations.  B.S.  for  backfiightf  F.S.  for  foresight, 
H.I.  for  height  of  instrument,  El.  for  elevation  of  a  station,  T.P. 
for  turning-point  (see  Art.  301),  B.M.  for  benchrmark,  and  Int. 
for  intermediate  stations  (Art.  300). 

299.  Theory  of  Leveling,  (a)  From  what  has  preceded  it 
is  seen  that  the  two  steps  in  leveling  for  any  one  set-up  are: 
(1)  To  find  how  far  the  plane  of  sight  is  above  a  point  of  known 
elevation  by  adding  to  that  elevation  the  backsight  rod-read- 
ing, or 

(1)  E1.  +  B.S.-H.I. 

(2)  To  find  how  far  below  this  plane  of  sight  points  are  whose 
elevations  are  required,  by  subtracting  foresights  from  the  ele- 
vation of  the  plane  of  sight  (i.e.,  height  of  instrument),  or 

(2)  H.I.-F.S.-E1. 

(&)  Naie.  When  the  points  are  above  the  plane  of  sight  the  above 
rules  still  hold  good  provided  minus  sims  are  given  to  the  sights.  Thus, 
for  example,  a  point  on  the  ceiling  of  a  room  is  used  as  a  bench-mark, 
and  its  elevation  above  some  assumed  datum  is  known  to  be,  sav,  112  ft. 
The  leveling-rod,  held  bottom  end  up  for  convenience,  gives  a  backsight 
reading  of  6  ft ,  or  the  plane  of  sight  is  six  feet  below  the  ceiling,  or  its 
elevation  is  obviously  106  ft.,  i.e.,  112  +  (  —  6)  — 106.  Suppose  that  the 
foresight  reading  to  some  point  just  below  the  ceiling  is  5  ft.  (rod  bottom 
end  up),  then  the  elevation  of  this  point  is  106  — (  —  5)  =  111  ft. 

Minus  sights  seldom  occur  in  leveling  except  in  special  kinds  of  work. 

(c)  If  all  the  elevations  required  could  be  found  from  one  set- 
up of  the  level,  no  further  explanation  of  fundamental  prinoi^ 
pies  would  be  required,  but  even  when  the  level  is  frequently 
moved  the  work  consists  simply  in  repeated  applications  of  tho 
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two  steps  in  a  sort  of  endless  cludn.  When  it  beoomes  neoee- 
sary  to  move  the  level  it  may  be  set  up  in  a  new  place,  the  new 
height  qf  instrument  ascertained  by  backsighting  on  a  point 
whose  elevation  was  found  from  the  preceding  set-up,  and  from 
this  new  height  of  instrument  the  elevation  of  new  points  may 
be  found.  Thus  the  process  may  be  continued  indefinitely. 
The  point  to  be  emphasized  is  that  for  each  new  set-up  a  new 
height  of  instrument  must  he  ascertained. 


2  3       106       *  ) 


A-/M7  U 


F'99 


Fig.  299  {d). 


(d)  lUusiration.  In  Fig.  299  (d)  it  is  not  intended  to  represent  stations 
in  a  straight  line, — they  may  be  anjrvirhere  to  one  side  or  the  other  of  the 
Level  as  in  the  preceding  figure,  p.  236.  Let  the  horizontal  broken  lines 
represent  planes  of  sight.  Let  the  target-readings  at  each  station  be  indi- 
cated by  the  number  at  the  point  where  the  line  of  sight  (dotted  line) 
strikes  the  rod.  Either  the  elevation  of  the  first  station  must  have  been 
previously  determined,  or,  if  simply  rdative  elevations  are  required  as  is 
often  the  case,  it  may  be  assumed  as  any  convenient  number,  say  100. 

Then  100 +3  =  103  =  H.L  when  level  is  at  Li  103-2=  101  =EL  of  B. 


101  +  5 


99+5 


106  =  H.L 
106  =  H.L 
106  =  H.L 
106  =  H.I. 
104=H.L 


•  • 


••  I^  106-2  =  104  =  EL  ••  C 
••  La  106-3  =  103  =  EL  *•  D. 
••  La  106-1  =  105  =  EL  **  E. 
••  JU  106-7=  99  =  EL  ••  F, 
•*  Lz  104-2  =  102  =  EL  ••  O. 


(e)  Remark.  .  llie  two  steps  in  leveling  are  not  likely  to  be  foigotten  if 
the  student  will  form  a  mental  picture  similar  to  Fig.  294  (a)  or  Fig.  299  (d). 
Tliis  is  much  better  than  depending  upon  the  memory  to  retain  the  formu- 
las given  at  the  beginning  of  this  article.  Always  fall  back  on  the  origi- 
nal conception  of  leveling,  p.  235:  (1)  getting  the  distance  of  a  plane  of 
sight  o&ove  some  point  of  known  elevation,  and  (2)  getting  the  distances 
of  p<Nlnts  of  unknown  elevation  below  that  plane. 

300.  Intermediate  Stations.  A  point  taken  for  the  scle 
purpose  of  ascertaining  its  elevation,  or  for  the  purpose  of 
establishing  it  at  a  given  elevation.  Thus,  in  Fig.  299  (d),  C, 
/>,  and  E  are  intermediate  stations. 

Remark. — ^The  distinguishing  characteristic  of  an  intermediate  station  is 
that  only  one  sight  is  taken  on  it, — a  foresight, 

301.  Turning-point.  A  point  upon  which  a  backsight  is 
taken  in  order  to  establish  the  height  of  instrument.  Thus,  in 
Fig.  299  (d).  A,  B,  and  F  are  turning-points. 

(a)  Remark.  A  turning-point  is  the  only  point  upon  which  a  backsight 
is  taken,  and  this  is  its  distinguishing  characteristic.  It  probably  got  its 
name,  however,  from  the  fact  that  two  sights  are  taken  on  it,  a  foreeight 
from  one  set-up  and  a  backsight  from  the  next  set-up:  it  thus  acts  as  a 
turning-point  without  which  no  relation  could  be  established  between  the 
two  planes  of  sight  corresponding  to  the  two  set-upa. 
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Esther  a  regular  Rtation  or  a  bench-mark  may  be  ured  as  a  tuming-point. 
or,  some  temporary  point  which  is  neither  a  regular  station  nor  a  bench 
mark  may  be  used. 

(6)  The  first  and  last  points  sif^ted  at  are  usually  considered  turning- 
points.  Thus  G^  is  a  turning-point  on  the  assumption  that  if  the  wonc 
were  continued  a  backsight  would  be  taken  on  it.  A  is  a  turning-point 
because  a  backsight  was  taken  on  it ;  moreover,  a  foresight  must  have  been 
taken  at  some  previous  time  in  order  to  ascertain  its  elevation.  (Assum- 
ing its  elevation  would  be  equivalent  to  foresighting.) 

302.  Importance  of  Turnings-points — Compared  with 
Intermediate  Stations.  An  error  made  at  a  turning-point 
affects  eveiy  succeeding  elevation,  but  an  error  at  an  interme- 
diate station  affects  the  elevation  of  only  that  station. 

Illustration.  Suppose  that  in  Art.  299  (c),  Fig.  299  (d) ,  the  backsight  at  B 
is  read  by  mistake  6  instead  of  5.  The  new  height  of  instrument  would 
become  101  +  6  =  107,  and  the  elevations  of  all  the  remaining  points  would 
be  one  foot  too  high.  On  the  other  hand,  should  a  mistake  oe  made  at  C, 
reading  3  instead  of  2,  the  elevation  of  C  would  become  106  —  3  —  103,  or 
a  foot  too  low,  but  since  there  is  no  backsight  at  C  (i.e.,  no  height  of  instru- 
ment is  ascertained  from  C)  none  of  the  other  elevations  woula  be  affected. 

303.  Forms  of  Notes.  The  forms  for  level  notes  differ  some- 
what for  different  kinds  of  work.  Standard  forms  are  given  in 
this  article.  Study  these  forms  in  connection  with  Fig.  299  (d). 
The  six  columns  correspond  to  the  six  columns  on  the  left-hand 
page  of  the  field-book,  the  right-hand  page  being  used  for  de- 
scriptions of  stations  and  for  other  notes. 

Form  A  for  Level  Notes. 
(Left-hand  page.)  (Right-hand  page.) 


Foresight. 

Sta. 

B.S. 

H.I. 

T.P. 

Int. 

2.0 
3.0 
1.0 

El. 

- 

A 

B 

C 
D 
E 
F 

G 

3.0 
5.0 

6.0 

\9M 
106.0 

\ 
104 

Check 

^2.0 

\ 

V 

^7.0 
2.0 

100. 

:  101.0 

:  104.0 

103.0 

105.0 

99.0 

102.0 

Descriptions  of  stations  go  on  thin 
page.     All  benoh-marIu>  and  im- 
portant  stations   should   be   so 
carefully  described  that  they  can 
be  found  at  any  time  without 
diflSculty. 

13.0 
11.0 

11.0 

2.0 

(a)  Comments  on^Form  A.  In  this  form  of  notes,  and  in  all 
other  forms  as  well,  it  is  necessary  to  enter  the  foresights  and 
backsights  during  the  work  in  the  field.  The  heights  of  instru- 
ment and  the  elevations  of  different  stations  may  be  left  to  be 
worked  but  in  the  office  unless  elevations  are  needed  in  ih& 
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field  for  checking  the  work  or  for  other  purposes.  Evmi  then 
it  is  necessary  many  times  to  work  up  only  the  notes  for  turn- 
ing-points. 

In  this  form  each  H.I.  occupies  a  line  by  itself.  There  is  no 
great  advantage  in  this  except  that  in  looking  over  the  notes  it 
is  more  evident,  to  the  beginner  at  least,  which  H.I.  was  used 
in  calculating  any  given  elevation.  Thus  all  elevations  re- 
corded between  any  two  successive  values  of  H.I.  were  foimd 
from  the  upper  H.I.  if  the  notes  read  down  the  page;  from 
the  lower  H.I.  if  the  notes  read  up  the  page. 

Notice  also  that  the  foresights  on  tiuning-points  and  the 
foresights  on  intermediate  stations  are  kept  in  separate  col- 
umns. This  is  so  that  the  foresights  on  turning-points  miay  be 
added  together  by  themselves  in  checking  the  notes  by  the 
method  of  Art.  304.  The  advantage  thus  gained  is  to  a  gr:$at 
extent  offset  by  the  additional  precautions  necessary  to  avoid 
entering  the  foresights  in  the  wrong  column. 

V :        FoBM  B  FOB  LE"vj:ii  NonM^ 


i 


(Left-kand  page.) 


* 


V 


fi 


(Right-hand  page.) 


Sta. 

A 
B 
C 
D 
E 
F 
G 


B.S. 

H.I. 

F.S. 

la. 

3.0 

103.0 

100.0 

5.0 

106.0 

2.0 

101.0 

<« 

2.0 

104.0 

«t 

3.0 

103X) 

*  f 

1.0 

105.0 

5.0 

104.0 

7.0 

99.0 

*« 

2.0 

102.0 

Descriptions  of  stations  go  on  this 
page.  All  bench-marks  and  im- 
portant stations  should  be  so 
carefully  described  that  they  can 
be  found  at  any  time  without 
difficulty. 


(6)  Comments  on  Form  B,  This  form  differs  from  form  A 
in  two  respects.  (1)  Each  H.I.  does  not  occupy  a  line  by  itsetf, 
but  is  put  on  the  line  with  the  B.S.  and  El.  from  which  it  was 
figured.  (2)  Foresights  are  all  in  one  column.  Turning-points 
may  be  easily  distinguished  in  the  notes,  as  they  have  num- 
bers in  the  backsight  column  while  intermediate  stations  do 
not.  (Art.  301  (a).)  Many  surveyors  prefer  to  skip  eveiy  other 
line  in  entering  notes,  thus  affording  more  room  for  corrections 
and  for  the  descriptions  of  stations  on  the  right-hand  page. 

By  comparing  these  notes  with  the  arithmetical  work  on 
page  238,  Art.  299  ((2),  the  method  of  working  out  the  different 
H.I.s  in  the  third  colunm  and  the  elevations  in  the  last  column 
will  become  clear.  Thus  each  B.S.  is  added  to  the  elevation 
j^corded  on  the  same  horizontal  line  to  get  the  H.I.  from  whidi 
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tbe  elevatioiiB  are  figured  for  all  succeeding  Btations  up  to  bjkI 
iDcluding  the  next  turning-point. 

Tiiis  foim  is  more  compact  than  the  preceding  form  and  is, 
peihaps,  the  one  most  often  used.  For  profile  leveling  Form 
C  given  below  is  in  many  respects  a  better  form. 


Form  C  fob 

Levi 

I.   NOTW. 

B.a 

T.P. 

H.I. 

F,8 

El. 

SLb. 

3.0 

100.0 

103.O 

A 

SO 

101.0 

106.0 

a-0 

« 

2.0 
3.0 

104.0 

c 

t  0 

K 

" 

w.o 

104.C 

2.0 

10..0 

G 

Foiiii  E 

I.BV£ 

i.Nm 

H. 

Su,. 

B.R 

F.fl 

nif 

Fl 

Cbock. 

A 

3,0 

100.0 

-J- 

B 

5.0 

20 

-i-i.n 

ioTo 

C 

a.o 

+  .1,0 

D 

E 
F 

5.0 

3.0 

J.o 

-1.0 
-8.0 

103.0 
09.0 

Jl 

O 

2.0 

4-3-0 

'"'"' 

(d)  Comments  on  Form  C.  'i  his  form  differs  from  the  preced- 
ing form  in  the  order  of  arrangement  of  the  columoa,  and  in 
having  a  separate  calumn  for  elevationa  of  turning-points.  It 
is  not  as  common  a  form  as  the  others,  bitt  in  many  respects  it . 
is  more  convenient.  Its  chief  advantage  is:  Quantities  that 
are  to  be  added  or  subtracted  are  adjacent.  Thua  correspond- 
ing quantities  in  the  first  two  columns  are  added  lo  obtain  a 
corresponding  quantity  in  the  third  column,  and  from  quanti- 
ties in  the  third  column  are  subtracted  quantities  in  the  fourth 
column  to  obtain  quantities  in  the  fifth  column.  It  is  also 
convenient  to  have  stations  and  their  elevations  in  adjacent 
columns. 

(e)  Comments  on  Form  D.  This  form  is  entirely  different 
from  the -other  three  forms.  The  first  three  columns  are  filled 
out  ill  the  field  in  the  UHual  manner.  The  column  of  diSerences 
is  found  by  subtracting  each  F.S.  from  the  preceding  F.S.,  ex- 
cept in  the  case  of  the  first  F.S.  after  each  turning-point,  and 
this  is  subtracted  from  the  B.S.  on  that  point.  The  elevations 
in  the  fourth  column  are  found  by  adding  algebraicatiy  each 
difference  to  the  preceding  elevation.  The  checks  in  the  last 
column  are  found  by  subtracting  from  the  B.S.  on  one  turning- 
point  the  F.S.  oa  the  next  turning-point,  and  adding  this  dif- 
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ference  algebraically  to  the  elevation  of  the  first  in  order  to 
check  the  elevation  of  the  second. 

This  form  is  not  much  used.  Its  chief  advantage  is  the 
check  afforded  for  the  elevation  of  each  intermediate  station. 
There  is  no  such  check  in  the  other  three  forms.  For  this 
reason  this  method  of  differences  is  especially  useful  in  working 
up  notes  for  profile  leveling,  since  the  computation  for  every 
point  on  the  profile  is  checked  once  and  turning-points  are 
checked  twice. 

Another  form  of  notes  is  shown  on  p.  256,  where  the  method  of 
keeping  level  notes  is  illustrated  by  several  examples  from  practice. 

304.  Rules  for  Checking  Level  Notes,  (a)  Add  all  back- 
sights together;  add  all  turning-point  foresights  together;  the 
difference  between  these  two  sums  should  equal  the  difference 
between  the  elevations  of  the  first  and  last  stations.  The  fore- 
sight on  the  last  station  should  be  included  in  the  sum  of  fore- 
sights although  there  is  no  corresponding  backsight.  -  The  last 
station  is  a  turning-point  in  the  sense  that  should  the  work  be 
continued  a  backsight  would  be  taken  on  it  (Art.  301(6),  p.  239). 
In  leveling  around  a  closed  figure,  moreover,  the  first  and  Hxe 
last  station  coincide,  and  the  differiBnce  between  the  two 
sums  would  equal  zero  were  it  possible  to  do  perfect  field  work. 

(6)  Notice  that  this  is  a  check  on  office  work  but  not  on  field 
work.  It  enables  one  to  detect  numerical  mistakes  made  in 
working  out  heights  of  instrument  and  elevations  of  turning- 
points,  but  it  does  not  disclose  mistakes  in  using  the  levd,  read- 
ing the  rod,  or  entering  the  rod-readings.  Moreover,  it  is  not 
a  check  on  the  computed  elevations  of  intermediate  stations, 
because  no  backsights  are  taken  on  such  stations. 

(c)  Illustration.  In  form  A,  sum  of  backsights  =  13 ;  sum  of  turning- 
point  foresights  (including  that  of  G)  =  ll;  thus,  13-11  =  102—100-2 
(check). 

(d)  Note.  Another  method  of  applying  the  same  rule:  (1)  Add  the 
sum  of  all  the  backsights  to  the  elevation  of  first  station.  (2)  Subtract 
from  this  result  the  sum  of  the  tuming-voint  foresights:  the  result  should 
be  the  elevation  of  the  last  station.  Thus,  (100 +  13) -11  =  102  (check). 
See  also  the  level  notes  on  page  257  for  another  ill  jstration. 

305.  Differential  Leveling.  Leveling  in  which  the  object 
is  simply  to  find  the  difference  in  elevation  between  two  or 
more  points  without  regard  to  distances  between  the  pK)ints. 

306.  Profile  Leveling.  Leveling  in  which  the  object  is  to  get 
the  elevations  at  known  distances  apart  and  thus  obtain  the  profile 
of  the  surface  along  a  given  line.  A  profile  should  show  all  ele- 
rations  and  depressions  along  the  line  as  if  seen  from  a  side  view. 
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Flying  Levels.  A  line  of  levels  to  determine  approx- 
levations,  run  with  more  rapidity  and  less  precision 
mal. 

Cross-levels.     Levels  taken  to  show  heights  on  either 
the  main  line.     Used  in  railway  and  highway  work  to 
ine  cross-sections  at  right  angles  to  the  general  direction 
oad-bed. 

Reciprocal  Leveling^  consists  in  finding  the  difference 
ition  between  two  points  by  two  sets  of  observations  as 
.  (1)  Sights  are  taken  on  both  points  from  a  level  set  up 
e  of  them;  (2)  then  the  level  is  set  up  near  the  other 
n  such  a  position  that  the  longer  and  shorter  sights  on 
)  points  are  about  equal  in  length  to  the  longer  and 
sights  respectively  of  the  first  set-up.  The  mean  of  the 
ults  obtained  from  the  first  and  second  set-ups  should 
true  difference  of  elevation.  This  process  eliminates 
le  to  lack  of  adjustment  of  the  level,  and  in  precise  level - 
•ects  for  curvature  and  refraction. 
Establishing  Points  at  Given  Elevations  is  the  re- 
\  the  process  explained  in  the  preceding  articles.  It  is 
ing  what  "staking-out  work"  is  in  transit  surveying 
a,  great  deal  of  construction  work  the  two  must  be  corn- 
Setting  grade-stakes  and  fixing  heights  for  different 
•  steel  and  masonry  structures  constitute  a  large  part  of 
3ler*s  work.  For  a  detailed  explanation  of  such  work 
pter  XXin. 

rode.  The  degree  of  inclination  from  the  horizontal,  as, 
nple,  a  rise  or  fall  of  one  foot  measured  vertically  for  each 
measured  horizontally  (a  one  per  cent  grade),  or  a  grade 
per  100  ft.  (2%  grade),  or  of  5  ft.  per  100  ft.  (5%  grade), 
36  or  fall  (a  level  grade). 

rade-rod.     A  calculated  rod-reading  found  by  subtract- 
required  elevation  of  a  point  from  the  height  of  instru- 
,e.,  it  is  the  distance  to  measure  down  from  the  line  of 
establish  a  point  at  a  given  elevation. 

Hon.     In  Fig.  310  (6)  it  is  required 

I  stake  at  each  of  the  points  A ,  B. 

)  that  the  tops  of  the  stakes  will 

tively  98  ft..  102  ft.,  and  104  ft. 

me  given  datum.     The  height  of 

at,  found  by  backsighting  on  some 

known  elevation,  is  108  ft.     The 

for  A  is  therefore  10  ft.,  for  B  i?  ^    om  /i.n 

for  C  4  ft.  -^'Q-  310  (6). 
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(a)  Illu8tratwn. 


Fig.  311  (a). 


311.  Trigonometric  I^eveling^.  Leveling  by  means  of  ver- 
tical angles  and  horizontal  distances.  The  theory  is  based  on 
the  trigonometric  properties  of  a  right  triangle. 

First  Method 
In  Fig.  311  (a)  let  T  be  the  center  of  a 
transit   telescope.     After  measuring  the 
horizontal  distance  BT  and  the  vertical 
angle  BTA,  the  height  BA  is.  found  by 
trigonometry,    BA=^BTXtB^n  BTA,     In 
like  manner  CD-'TDxta.nCTD.       The 
distance  TE  from  the  center  of  the  sup- 
porting axis  to  the  ground  having  been, 
measured,  the  relative  elevations  of  A,  - 
E,  and  C  are  determined.     Thus  the  ele- 
vations of  any  number  of  points  above  or  below  T  (or  E)  may 
be  found. 

Remark.  The  point  T  is  the  intersection  of  three  axes,  via.,  (1)  throuch 
the  line  of  sight,  (2)  through  the  center  of  the  supporting  axis,  and  (3) 
through  the  plumb-bob  line.  This  method  is  the  same  as  that  of  Art.  277 
(/),  p.  223. 

(b)  If  the  elevations  of  points  are  required  with  reference  to  some  datum, 
first  find  the  elevation  of  T  (i.e.,  the  height  of  instrument)  by  backdating 
on  some  point  of  known  elevation,  as,  for  example,  some  bench-markT 

(c)  When  for  any  rea«»on  the  horizontal  distance  from  T*  to  C  (i.e.,  TD) 
cannot  be  measured,  TD  may  be  found  by  triangulation,  treating  C  as  an 
inaccessible  point  (see  277  (c),  p.  222),  or  in  some  cases  it  may  be 
pasHible  to  measure  TC  and  then  proceed  as  explained  in  the  next  two 
illastrations. 

Second  Method 

A  second  method  often  used,  especially  in  stadia  work,  is 
one  in  which  the  hypothenuse  is  measured  instead  of  the  base. 

(d)  Illustration.  Let  T  in  Fig.  311  (d)  represent  the  center 
of  a  transit,  and  a  a  point  on  the 
ground  underneath  T.  Let  a'  repre- 
sent a  target  set  as  far  above  the 
bottom  of  the  rod  as  T  is  above  a, 
(i.e.,  a'G  =  aT).  Then  Ta' X sin  a'TD  = 
a'D  =  Ge,  or  the  elevation  of  G  above  a 

(e)  Illitstration.  Let  B  represent 
some  point  of  known  elevation  not 
under  the  instrument,  as,  for  example, 
some  bench-mark.  With  the  tele- 
scope horizontal  set  the  target  at  c. 
Let  b  be  an  imaginary  point  under- 
neath T,  of  the  same  elevation  as  B  (i.e.,  Th^^cB).    Without 


/..i-:'- 1, 


Fig.  311  (rf). 
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changing  the  target  hold  the  rod  at  0  and  let  V  represent  the 
target  for  this  position  of  the  rod.  Then  bG^Th'^cB  and 
rfe'Xsin  b'TD^h'D^Gf,  or  the  elevation  of  G  above  B. 

(/)  Caution.  Since  all  the  methods  illustrated  are  in  common  use,  it 
is  very  necessary  in  keeping  field  notes  to  make  olea**  what  point  is  taken 
as  a  reference-point,  T  the  center  of  the  supporting  Lxis,  a  a  point  on  the 
ground  under  the  instrument,  or  B  some  point  not  under  the  instrunient ; 
also  whether  the  base  or  the  hypothenuae  is  measured. 

312.  Leveling  with  the  Qradienter.  The  gradienter  is  a 
tangent-screw  attached  to  the  supporting  axis  of  the  telescope. 
By  means  of  a  micrometer-head  small  vertical  angles  may  be 
measured,  or  large  angles  may  be  read  with  the  vertical  arc 
supplemented  by  the  micrometer-screw.  As  a  rule  the  value 
of  the  screw-thread  is  such  that  one  complete  revolution  of  the 
screw  will  move  the  horizontal  hair  over  a  space  of  one  foot 
on  a  vertical  rod  at  a  distance  of  100  ft.,  so  that  angles  are 
measured  in  terms  of  the  tangent.  If  the  distance  to  a  rod  at 
any  point  is  known,  and  the  vertical  angle  is  found  by  the 
gradienter,  the  elevation  of  the  point  may  be  determined  by 
trigonometry,  as  already  explained.  The  distance  from  the 
transit  to  the  rod  may  be  found  also  with  the  gradienter  by 
turning  the  screw  through  one  complete  revolution.  If  it 
passes  over  one  foot  of  the  rod,  the  latter  is  100  feet  away,  IJ 
ft.  150  ft.  away,  and  so  on  in  the  same  proportion.  This  method 
of  obtaining  distances  is  similar  to  the  stadia  method.  Thus, 
if  necessary,  the  entire  work  of  finding  the  elevation  of  a  point 
may  be  done  with  the  gradienter  alone,  without  using  a  tape. 
This  is  also  true  of  the  stadia. 

313.  Barometric  Leveling.  Since  the  barometer  is  an  in- 
strument for  measuring  atmospheric  pressure  and  since  this 
pressure  is  less  for  high  altitudes  than  for  low  altitudes,  differ- 
ences in  elevation  may  be  estimated  by  differences  in  barometer- 
readings.  Roughly  speaking,  the  average  reading  of  the  ba- 
rometer at  sea-level  is  30  inches  and  the  barometer  falls  about 
one  inch  for  every  900  ft.  of  ascent  above  the  sea-level. 

If  the  decrease  in  the  density  of  the  air  were  exactly  uniform 
and  if  the  pressure  at  a  given  elevation  were  always  the  same, 
barometric  leveling  would  give  very  satisfactory  results. 

(a)  Atmospheric  sources  of  error.  The  pressure  of  the  atmos- 
phere at  any  point  is  constantly  chaijging,  due  to  changes  in 
meteorologic  conditions.  This  change  may  amount  to  as  much 
as  two  inches  or  more.    In  other  words  tho  Aon^^Xaoh  ^\.  >0o!^ 
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same  place  as  indicate^  by  the  barometer  at  two  different  times 
may  change  as  much  as  1800  feet.  For  the  same  reason  barom- 
eter-readings taken  simultaneously  at  two  different  places  may 
be  exactly  the  same  and  yet  the  elevations  of  the  two  plaees 
be  quite  different.  The  error  from  this  source  may  be  largpfy 
eliminated  by  taking  barometer-readings  over  a  long  period  of 
time  at  different  seasons  of  the  year  and  hours  of  the  day,  &nd 
t  lus  obtain  a  mean  vahie,  but  this  method,  of  course,  caniiot 
be  used  in  ordinary  surveying. 

(b)  Temperature  also  affects  barometer-readings  in  two  ways: 
(1)  it  affects  the  barometer  itself,  and  (2)  the  weight  of  the 
air,  for  the  warmer  the  air  the  Ughter  it  is.  In  a  mercurial 
barometer  the  height  of  the  column  of  mercury  is  affected  by 
the  temperature.  It  is  usually  claimed  that  aneroid  barom- 
eters arc  compensated  for  temperature,  and  though  this  is  not 
strictly  true  it  is  customary  to  make  no  correction  for  the 
temperature  of  the  barometer  itself,  as  in  the  case  of  a  merctd'ial 
barometer.  In  using  either  barometer  the  greatest  uncertainty 
arises  from  the  method  of  determining  the  average  temperature 
of  the  air-column.  Thus,  in  finding  the  difference  in  altitude 
between  two  stations,  the  temperature  of  the  air  t^ken  at 
each  station  is  necessarily  the  temperature  of  a  stratum  of  air 
near  the  earth,  and  the  common  assmnption  that  the  average 
temperature  of  the  air-column,  upon  which  the  difference  of 
pressure  between  the  two  stations  depends,  is  the  average  of 
the  observed  temperatures  at  these  stations,  is  an  erroneous 
one. 

(c)  Barometric  foi'mtUas.  Nmnerous  formulas,  differing 
chiefly  in  experimental  constants,  have  been  developed  for  es- 
tablishing a  relation  between  altitude  and  barometer-readings.* 
These  formulas  may  be  divided  into  two  classes:  (1)  stcUical 
and  (2)  dynamical.  Statical  formulas  assume  that  the  air  is 
in  statical  equiHbrium  and  are  more  conunonly  used.  Dynam- 
ical formulas  take  into  account  the  fact  that  the  air  is  more  or 
less  in  motion,  but  require  extended  observations  to  obtain  the 
required  data.  There  is  httle  difference  in  accuracy  between 
the  two  classes  of  formulas. 

In  ordinary  work  those  terms  in  the  formulas  which  depend  tn>on  the 
temperature  of  the   barometer,   humidity,  latitude,  gradient,  ana  other 

*  For  a  discussion  of  these  formulas  see  Baker's  Engineer's  Surveying 
Instruments,  Chapter  XIL 
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iiill  smaller  sources  of  error  may  be  ignored,  leaving  only  the  inean  tern- 
psrature  of  the  air  to  be  taken  mto  account.  FerreVa  formula^*  which  ia 
perhaps  one  of  the  best,  will  then  reduce  to 

logH=log  (log  B'-\og  B)  +  log  60521.5[l  +  .001017«'+<-64'')]; 

?» difference  in  altitude  between  the  two  points  whose  observations  are 
;aken,  f  =  observed  height  of  the  barometer  at  the  lower  station  (in 
inches),  B  the  height  of  the  barometer  at  the  upper  station,  t'  and  t  the 
^mperatures  of  the  air  at  the  lower  and  upper  stationH  respectively. 

If  the  mean  temperature  is  assumed  as  50°,  then  ^  +  ^=-100  or  t'  +  t  — 
\i°  =  S&*.  If  the  mean  barometer  reading  at  the  sea-level  is  approxi- 
nately  30  inches,  the  above  equation  may  be  written 

^  =  60521.5(l  +  .001017X36)(log  ^-log^) 

-  62737  log  ~  -  62737  log  ^. 

30 
TableB  may  be  computed  from  the  equation  A  •-62737  log-^  for  differ- 
ent values  of  B,  the  corresponding  values  of  A  being  the  altitudes  above 
I  datum  corresponding  to  a  barometric  pressure  of  30"  (or  approximate 
lea-level),  when  t+t' =  100°.  For  other  than  the  mean  temperature  of 
)0°  a  correction  may  be  applied  as  follows: 

i/  =  (A,-A2)(l  +  C), 

vhere  ^  =  the  corrected  difference  in  altitudes  of  the  two  stations  ob- 
erved.  A]  and  A2  the  altitudes  of  these  stations  as  taken  from  Table  I, 
md  C  a  correction  for  various  values  of  <  +  <'  as  taken  from  Table  II. t 
For  the  methoJ  of  using  the  aneroid  barometer  see  Art.  343,  p.  265. 

*  See  Appendix  10,  U.  S.  Coast  and  Geodetic  Survey  Report  for  1881 
t  These  two  tables  are  given  in  the  back  of  the  book. 
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LEVELING— flELD  WORK 

The  theory  of  leveling,  explained  in  the  preceding  ch&pter,^  is  exeeed- 
ingly  simple,  but  no  branch  of  surveying  requires  greater  care  in  the  field 
work.  Accurate  results  can  be  obtained  only  by  observing  certain  pre- 
c-autions  which  tend  to  eliminate  mistakes  and  errors.  These  preoannons 
are  so  well  understood  that  the  methods  of  field  work  are  more  unifonn  in 
leveling  than  in  almost  any  other  branch  of  surveying..  It  is,  theref<xei 
somewhat  easier  to  give  definite  directions  and  suggestions,  but,  as  in  au 
field  work,  it  is  not  desirable  to  lay  down  hard-and-?ast  rulcis,  nor  to  follow 
blindly  such  directions  as  are  given. 


314.  A  Level  Party  usually  consists  of  a  levelman  and  a 
rodman.  In  rough  country  a  third  man  is  sometimes  needed, 
to  act  as  axeman.  In  very  accurate  work  two  rodmen  may 
be  used  to  advantage^  and  as  many  as  five  men  may  be  needed 
in  the  party. 

315.  Equipment  for  a  Level  Party,  (lliings  most  likely 
to  be  forgotten  are  put  first.) 

Rodman,  Tacks  or  brads,  crayon,  stakes,  hatchet,  tape,  note- 
book, and  leveUng-rod. 

Levelman,  Necessary  notes  from  transit  party,  datum,  etc., 
note-book,  adjusting-pin,  level.* 

Both  men  should  provide  themselves  w^ith  hard  pencils,  pencil- 
erasers,  and  scribbling-pads. 

316.  Signals.  When  the  levelman  wishes  the  rodman  to 
raise  the  target  he  holds  his  hand  above  the  shoulder.  Th< 
hand  held  below  the  shoulder  means  to  lower  the  target.  In 
either  case  the  nearer  the  target  approaches  to  the  line  of  sight 
the  nearer  the  hand  should  approach  the  level  of  the  shoulder. 
Dropping  the  hand  to  the  side  means  to  stop  moving  the  tar- 

♦  Accurate  work  in  leveling  may  be  done  with  a  transit  provided  it  hat 
a  good  level  attached  to  the  telescope  and  is  kept  in  good  adjustment,  a 
fact  which  students  are  flow  to  realize.  Of  course  the  meth^^|ds  of  worii 
are  practically  the  same  as  for  the  level. 

248 
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get.  A  gentle  motion  of  the  hand  up  or  down  from  the  shoulder 
means  to  move  the  target  slowly  in  the  direction  indicated. 
Wlien  the  target  is  in  the  correct  position,  bring  the  hands  to- 
gether over  the  head,  which  means  ''all  right."  Holding  the 
right  arm  straight  up  means  to  ''plumb  the  rod  to  the  right"; 
the  left  arm  means  "plumb  to  the  left." 

Remark,  Any  other  set  of  signals  may  be  agreed  upon,  but  they  should 
be  clear  and  unmistakable  at  several  himdred  feet  awayi  and  should  enable 
the  rodman  to  get  the  target  into  position  in  the  shortest  possible  time. 
It  is  essential  that  the  signals  to  move  the  target  up  or  down  should  indi- 
cate to  the  rodman  about  how  much  the  target  ahould  be  moved.  A  common 
fault  with  levelmen  is  that  of  holding  the  arm  horizontal  and  moving  the 
fingers  in  such  a  way  that  the  rodman  cannot  tell  whether  the  target  is 
to  be  moved  up  or  down.     Avoid  all  shouting, 

317.  Some  Things  to   Know  Before  Beginning  Worlc. 

(1)  How  to  set  up  a  level  (p.  226).  (2)  How  to  use  the  telescope 
to  get  accurate  results  (p.  227).  (3)  How  to  read  the  rod  (p. 
227).  (4)  What  points  of  the  rod  are  danger-points,  i.e.,  points 
where  mistakes  in  reading  are  likely  to  occur  (p.  229).  (5)  How 
to  test  the  rod  for  a  high  rod-reading  (p.  232).  (6)  What  is 
meant  by  datum ^  bench-mark y  station y  and  plane  of  sight  (p.  234). 
(7)  What  the  two  essential  steps  in  leveling  are  (p.  235).  (8) 
What  is  meant  by  height  of  instrument  j  backsight,  foresight,  and 
turning-point  (p.  236).  (9)  Why  it  is  important  to  take  read- 
ings with  greater  care  on  turning-points  than  on  intermediate 
points  (p.  239).  (10)  How  to  keep  notes  (p.  239),  and  how  to 
check  them  (p.  242). 

Remark.  As  soon  as  the  student  has  become  familiar  with  the  funda- 
mental principles  and  operations  in  leveling,  he  should  begin  a  study  of 
the  sources  of  errors  and  the  methods  of  eliminating  or  correcting  them. 
(See  the  next  chapter.^  This  is  the  quickest  a&d  surest  way  of  learning  to 
io  accurate  and  reliable  work. 

318.  Two  Methods  of  Getting  the  Rod-reading.  (See 
also  p.  227.)  (1)  In  many  cases,  especially  at  intermediate 
stations,  the  levelman  can  read  the  rod  from  the  instrument, 
no  target  being  used.  (2)  For  turning-points,  or  for  any  sta- 
tion where  the  reading  is  required  to  the  hundredth  of  a  foot,  it 
is  usually  necessary  to  use  the  target.  After  a  target  is  clamped 
the  rod  should  be  held  a  second  time  to  make  sure  that  the 
target  did  not  slip  in  the  process  of  clamping. 

Remark.  It  is  a  great  saving  of  time  to  read  the  rod  directly  from  the 
instrument;  that  this  is  accurate  enough  in  the  majority  of  cases  is 
shown  on  p.  254. 

319.  The  Starting-point  or  First  Backsight.  If  only  the 
elevations  of  stations  with  respect  to  each  other  w:^  x^qjcvxs^^ 
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establish  9ny  convenient  bench-mark  to  start  with,  and  assume 
its  elevation  as  100  or  1000  or  any  convenient  niunber  great 
enough  so  that  there  will  be  no  minus  elevation,  i.e.,  so  that 
the  lowest  station  will  have  an  elevation  above  zero.  This  is 
univalent  to  assuming  a  datum  regardless  of  sea-level  or  of 
any  other  datum  previously  used. 

If  elevations  are  required  with  reference  to  some  fixed  datum, 
it  is  necessary  before  starting  out  to  obtain  the  elevation  of 
some  near-by  bench-mark  previously  established  from  that 
datum,  and  then  to  use  that  bench-mark  as  a  starting-point.  Oi, 
if  no  bench-mark  of  known  elevation  is  at  hand,  one  may  be 
assumed,  and  the  levels  run;  afterward  the  true  height  of  the 
assumed  £ench-mark  can  be  ascertained  by  running  levels  from 
some  bench-mark  of  known  elevation,  and  the  false  elevation 
previously  obtained  can  easily  be  reduced  to  correspond  to  the 
datum. 

lU%L9tration.  In  a  city  survey,  no  city  bench-mark  beiiig  conveniently 
near,  a  bench-mark  was  established  on  tne  top  of  a  hitching-poet,  its  ele- 
vation being  assumed  as  100  ft.  Afterward,  by  running  levels  from  the 
aearest  city  bench-mark,  the  elevation  of  the  top  of  the  hitching-poet  witil 
respect  to  the  city  datum  was  found  to  be  54.6  ft.  The  elevations  already 
obtained,  using  100  as  the  assumed  elevation  of  the  post,  were  easily  eor> 
rected  by  subtracting  from  each  elevation  45.4  ft.  (or  100—64.6),  (See 
also  Form  G.  p.  257.) 

320.  The  Field-work  Routine  in  differential  leveling  and 

in  profile  leveling  is  much  the  same.  The  chief  difference  is 
that  in  differential  leveling  all  points  are  turning-points,  while 
in  profile  leveling  there  are  intermediate  stations. 

(a)  Differential  leveling.  The  levelman  sets  his  level  up  at 
any  convenient  point  where  he  can  sight  on  a  rod  held  at  the 
starting-point.  The  rodman  holds  his  rod,  moving  the  target 
up  or  down  according  to  the  signal  from  the  levelman,  and 
clamps  the  target  at  the  signal  ''all  right."  He  then  holds  the 
rod  a  second  time,  and  if  the  levelman  again  signals  "all  right " 
he  reads  the  rod,  and,  as  he  passes  the  level  on  his  way  to  the 
next  turning-point,  the  levelman  checks  the  reading.  Both 
men  enter  the  reading,  each  in  his  own  note-book.  A  turning- 
point  is  then  chosen  at  such  a  distance  from  the  level  that  the 
length  of  the  foresight  shall  be  about  equal  to  the  length  of 
the  backsight  just  taken.  The  target  is  set  as  before,  a  second 
sight  being  taken  after  clamping.  The  levelman  takes  up  the 
level  and  moves  on.  As  he  passes  the  rodman  on  the  way  to 
the  next  set-up,  he  checks  the  foresight  reading,  and  each  enters 
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it  in  his  note-book.      This  completes  one  step;   from  there  on 
it,  is  but  a  repetition  of  this  process. 

Remark.  It  is  not  always  customary  in  practice  for  both  men  to  keep 
the  notes  and  read  the  rod,  but  it  is  very  desirable  that  students  should 
adopt  this  precaution,  especially  when  they  are  new  to  the  work. 

(6)  Profile  leveling.  The  work  is  similar  to  differential  level- 
ing except  that  distances  between  stations,  if  not  already 
known,  must  be  measured,  and  a  number  of  foresights  from 
the  same  set-up  are  often  taken  on  intermediate  stations.  Make 
it  a  rule  after  backsighting  on  one  furning-point  to  foresight 
immediaiely  on  the  next  turning-point  before  the  instrument 
hais  a  chance  to  "get  out";  afterward  the  foresights  on  the 
intermediate  stations  between  the  two  turning-points  may  be 
taken. 

321.  Lengths  of  Foresights  and  Backsights.  In  ordinary 
work,  for  the  best  results,  the  lengths  of  sights  should  not  exceed 
300  feet  nor  be  much  less  than  100  feet.  On  level  ground  the 
t^adency  is  to  choose  turning-points  too  far  apart,  thus  mak- 
ing the  sights  too  long.  On  steep  slopes  the  tendency  is  the 
^ther  way,  but  too  short  sights  may  be  avoided  by  choosing  turn- 
ing-points so  that  they  "zigzag."  (See  the  next  article.)  For 
each  set-up  endeavor  to  make  the  backsight  on  one  turning-point 
and  the  foresight  on  the  next  turning-point  approximately  equal. 

322.  Where  to  Set  Up  a  Level.  Off  to  one  side  where  it 
is  not  easily  disturbed  or  jarred,  and  where,  if  possible,  solid 
footing  can  be  had  for  the  tripod.  Set  up  half-way  between 
turning-points.  In  going  up  or  down  hill  one  can  usually  take 
a  much  longer  sight  on  the  down-hill  side  than  on  the  up-hill 
side,  especially  if  a  high  rod  is  used,  but  resist  the  temptation 
to  do  this,  and  keep  the  sights  on  turning-points  nearly  equal. 
This  can  often  be  done  by  zigzagging,  i.e.,  working  so  that  a 
turning-point  on  the  up-hill  side,  while  not  much  higher  up 
the  hill  than  the  instrument,  is  far  enough  to  one  side  to  make 
the  up-hill  sight  about  equal  to  the  down-hill  sight. 

On  steep  slopes  the  beginner  almost  invariably  tries  to  take 
too  long  sights.  Going  up-hill  he  finds  that  the  line  of  sight  is 
too  high  to  strike  the  down-hill  rod;  going  down-hill  he  finds 
the  line  of  sight  too  low  to  strike  the  up-hill  rod.  Result,  loss 
of  time  in  setting  up  the  level  again. 

Nevertheless,  in  going  down-hill,  set  up  the  level  so  that  the 
line  of  sight  will  strike  near  the  bottom  of  the  rod.     A  ^ood 
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way  to  do  when  in  doubt  is  to  set  one  leg  of  the  tripod  on  t 
ground,   and   taking   tlie   other  two   legs,   one   in   each   hai 
quickly  bring  the  telescope  into  about  the  position  it  i 
occupy  when  the  level  ia  set  up;   and  then  sight  along  the  tele- 
scope to  see  where  the  line  of  sight  will  strike, 

323.  Choosing  Turning-points.  From  the  two  preceding 
articles  it  is  seen  that  the  location  of  turning-points  is  lai^ety 
determined  either  by  the  lengths  of  backsight  and  foresight  01 
by  the  position  of  the  level  itself.  In  chooaing  the  object  upon 
which  to  i«st  the  rod,  keep  in  mind  tliat  it  should  be  some- 
thing firm  and  solid,  easily  described  and  found,  definite  and 
unmistakable.' 

M  Rimai-i.    More   Im.ilile  conieH  Frnm   ctionsInB  unnuitablB  t 
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324.  Holding  the  Leveling-rod.  It  is  not  easy  to  hold 
a  leveling-rod  plumb  and  eliU  at  tbo  same  time,  especially  if  the 
wind  is  blowing.  If  one  stands  squarely  behind  the  rod  and 
holds  it  with  both  hands,  be  is  in  the  best  position  to  hold  it 
still.  Some  surveyors,  however,  prefer  to  have  a  rodman  stand 
facing  the  side  of  the  rod,  since  from  this  position  he  can  see 
better  whether  or  net  the  rod  leans  toward  or  away  from  the 
instrument,  while  the  levelman  can  tell  by  means  of  the  ver- 
tical cross-hair  when  it  is  out  of  plumb  in  the  other  direction. 
The  vertical  edge  of  a  building  or  some  other  vertical  line 
may  often  be  used  by  the  rodman  as  a  guide.  In  addition  wave 
the  rod  as  directed  on  p.  270;  faUvre  to  observe  this  precaution 
may  result  in  an  error  as  great  as  0.1  jl.  for  a  single  sight. 

325.  Moving  the  Target.  The  signals  from  the  levelman 
should  indicate  whether  the  target  is  to  be  moved  much  01 
little.  When  it  is  neaily  correct  the  rodman  will  save  time  by 
moving  it  slowly  but  "teadily, — not  jumping  first  too  higjj  and 
then  too  low. 
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326.  Establishing  Bench-marks,  (a)  Permanent,  If  a 
bench-mark  is  to  be  permanent,  as,  for  example,  a  city  bench- 
mark, it  should  be  established  with  great  care,  and  referenced 
to  several  surrounding  points.  A  careful  description  should  be 
recorded,  together  with  its  elevation  as  obtained  by  several  sets 
of  levels  run  from  other  bench-marks.  Such  bench-marks 
should  be  established  where  they  are  not  likely  to  be  disturbed. 
If  a  stone  monument  is  used,  it  should  be  set  well  below  the 
frost-line.  Some  cities  publish  a  list  of  bench-marks  arranged 
according  to  streets.* 

lUustrcUion.  City  Bench-mark,  Grove  St.,  near  College  St.,  New  Haven, 
Conn.  The  highest  point  of  the  middle  post  of  the  three  stone  hitching 
poets  on  the  north  side  of  Grove  St.,  in  front  of  Sheffield  Hall.  Elevation 
KS  33.006. 

(6)  Temporary.  If  a  bench-mark  is  to  be  used  temporarily, 
as,  for  example,  during  the  progress  of  a  survey,  definite,  solid, 
and  comparatively  permanent  objects,  easily  described  and 
found,  may  be  used.  A  tack  in  a  blaze  on  the  root  of  a  tree  is 
a  common  example,  the  letters  B.M.  and  the  elevation  being 
marked  with  crayon  in  a  blaze  on  the  trunk  of  the  tree  directly 
over  it. 

Other  examples.  Comer  of  a  stone  over  a  catch-basin,  tops 
of  stone  hitching-posts,  gate-posts,  door-steps,  highest  point  of 
a  solid  rock,  or  definite  points  on  solid  masonry. 

(c)  Where  to  establish  hench-marks.  Near  the  beginning  and 
end  of  a  line  of  levels;  wherever  in  running  levels  work  is 
temporarily  stopped,  as  at  noon-time  or  at  night;  at  intervals 
of  several  hundred  feet;  wherever  a  branch  line  of  levels  is 
likely  to  be  started;  at  the  bottom  and  top  of  any  high  hill 
passed  over;  at  the  crossing  of  a  railway  or  highway;  on 
each  bank  of  a  stream  crossed;  in  a  city,  near  the  street 
comers. 

Special  kinds  of  work  call  for  sp>ecial  bench-marks.  Thus  in 
making  a  survey  for  a  building  they  may  be  required  at  the 
nearest  sewer-manhole;  on  the  curb  in  front  of  the  building 
site,  and  on  the  water-tables  of  adjacent  buildings. 

327.  Sights  on  Intermediate  Stations  may  be  taken 
usually  to  the  nearest  tenth  of  a  foot,  and  without  using  a  tar- 

*  A  Dictionary  of  AUUvdes.  by  Mr.  Henry  Gannett,  published  by  the 
Department  of  the  Interior,  IT.  S.  Geological  Survey,  gives  elevations  to 
the  nearest  foot  of  many  bench-marks  throughout  the  United  States. 
Stations  of  the  U.  S.  Coast  and  Geodetic  Survey  and  bench-marks  estab- 
lished by  the  different  railroads  are  often  of  great  value  as  start\Si«r^^V(\V^ 
or  as  points  upon  which  to  close  for  a  check. 
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get.  In  this  matter  one  is  governed  by  tne  requiremeQts  of 
the  work.  It  is  fooUsh,  for  example,  to  hold  a  rod  on  icughj 
uneven,  or  soft  ground,  where  a  slight  movement  one  way  or 
the  other  may  raise  or  lower  the  rod  a  tenth  of  a.foot,  and  then 
read  to  thousandths  or  even  hundredths  of  a  foot.  On  the 
other  hand,  in  some  cases,  as  in  giving  a  grade  for  a  curb,  ist- 
termediate  stakes  must  be  set  with  greater  accuracy. 

328.  Numbering  Stations.  Stations  are  usually  numb^ed 
in  order  from  the  beginning  of  the  work.  In  differential  levet- 
ing,  every  station  being  a  turning-point,  there  can  be  no  break 
in  the  numbers.  In  profile  leveling  a  turning-point  is  not  nrm- 
bered  as  a  rule  unless  it  happens  to  be  a  regular  station  on  the 
profile  line,  but  instead  it  is  marked  simply  T.P.  in  the  note- 
book, with,  perhaps,  a  description  of  it  on  the  opposite  page. 

In  profile  leveling  it  is  often  customary,  especially  in  railway 
work,  to  let  the  number  of  a  station  indicate  its  distance  from, 
the  starting-point.     Thus:  0+  50, 1, 1  +  50,  2+75.  and  140+67.8 
mean  50,  100,  150,  275,  and  14067.8  feet  respectively  from  0+0 
(the  first  station). 

329.  Checking  Levels.  On  page  242  is  given  a  method  for 
checking  notes,  but  the  only  method  of  checking  the  field 
work  is  by  rerunning  the  levels.  It  is  often  customary,  near 
the  close  of  a  day*s  work,  to  run  a  set  of  flying  levels  back  over 
the  line  to  the  starting-point,  checking  on  a  few  of  the  most 
important  bench-marks,  and  finally  on  the  one  at  the  starting- 
point.  In  class  work,  where  there  are  several  parties,  they 
should  check  on  conunon  bench-marks  established  by  the  in- 
structor at  intervals  of  several  hundred  feel. 

Rerunning  a  line  in  the  opposite  direction  will  ususdly  result 
in  a  greater  discrepancy  than  if  it  is  rerun  in  the  same  direc- 
tion, but  the  mean  result  is  more  nearly  correct  because  certain 
cumulative  errors  are  eliminated. 

330.  How  Close  to  Check.  In  practice  the  limit  of  error 
is  determined  by  the  requirements  of  the  work.  Results  are 
affected  by  the  instruments  used,  by  the  nature  of  the  ground 
covered,  by  the  time  in  which  the  work  must  be  done,  by  the 
personal  equations  of  the  rodman  and  the  levelman,  and  by  the 
atmospheric  condition. 

The  error  depends  to  a  large  extent  on  the  number  of  "set- 
ups," and  the  distance  covered.  In  class  work  a  party,  at  first, 
ought  to  run  hall  a  mile  and  back  with  a  difference  of  lees 
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than  0.10  ft.  between  the  assumed  elevation  of  the  starting- 
point  and  its  elevation  as  found  upon  returning  to  it.  This  is 
assuming  eight  or  ten  set-ups  each  way.  A  difference  of  0.03 
ft.  would  indicate  excellent  work  for  the  twenty  set-ups,  ten 
each  way,  but  with  good  instruments  and  under  favorable  con- 
ditions students  should  soon  be  able  to  come  within  this  limit 
using  ordinary  precautions.  This  does  not  mean  that  the  abso- 
lute error  is  only  0.03  ft.,  for  some  of  the  errors  are  compensat- 
ing, while  the  cumulative  errors  are  to  a  large  extent  eliminated 
by  running  in  opposite  directions. 

As  a  rough  check  it  may  be  assumed  that  under  ordinary 
conditions  the  total  error  E  should  not  exceed  0.02\/F,  where 
8  is  the  total  number  of  set-ups.  If  the  number  of  set-ups  is 
not  known,  it  may  be  obtained  by  dividing  the  total  distance 
by  tvnce  the  average  length  of  sight. 

The  customary  limits  of  error  are  treated  more  in  detail  in  the 
next  chapter. 

331.  Errors  in  Leveling.  In  no  branch  of  surveying  is  a 
knowledge  of  the  sources  of  errors  and  of  the  methods  of  elim- 
inating errors  more  important  than  in  leveling.  This  subject 
is  treated  in  the  next  chapter. 

332.  Speed.  Rapid  leveling  consists  in  not  wasting  time 
Time  may  be  wasted  in  setting  up  in  the  wrong  place,  in  set- 
ting up  too  high  or  too  low  to  strike  the  rod,  in  slow  manipula- 
tion of  the  level,  in  getting  the  target  into  position,  in  reading 
the  target,  and  in  waiting  for  a  rodman  to  slowly  saunter  from 
station  to  station.  The  rodman  should  guess  about  where  to 
move  the  target  or  tWe  rod,  and  should  have  it  there  by  the 
time  the  levelmar  ^t  ready  to  sight.  He  should  watch  signals 
closely,  and  these  signals  should  show  whether  the  target  must 
be  moved  much  or  little.  Avoid  moving  the  target  in  jumps 
first  too  high,  then  too  low.  Often  a  levelman  can  call  oiit  the 
approximate  reading,  thus  helping  the  rodman  to  set  the  target 
quickly. 

Remark.  At  first,  speed  is  not  so  important  as  accuracy.  The  student 
should  not  forget,  however,  that  in  practice  the  two  should  be  combined. 
So  much  depends  on  the  requirements  of  the  work,  on  the  nature  of  the 
ground  covered,  and  on  the  instruments  used,  that  it  is  difficult  to  give 
an  idea  of  what  the  speed  should  be.  It  may  be  said  in  a  general  way 
that  in  class  work  a  level  party  working  under  favorable  conditions  should 
soon  be  able  to  set  up  and  take  the  backsight  and  foresight  in  ten  minutes, 
or,  on  an  average,  at  the  rate  of  six  stations  an  hour.  If  the  average  length 
of  sight  is  200  ft.,  i.e.,400  ft.  between  turning-points^  this  means  about  hall 
»  mub  an  hotj/v 
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FORM    E 


6ta, 

B.S. 

H.L 

F.S. 

El. 

B.M .16 

6.102 

124.318 

116.216 

31 

5.2 

119.1 

• 

■f-50 

6.4 

117.9 

T.P. 

5.813 

126.315 

3.616 

120.502 

32 

8.9 

117.4- 

B.M.I7 

7.235 

119.080 

FORM  F 

B.M. 

and 

T.P. 

A 

-5. 

El. 

Sta. 

6 J  02 

116.216 

124.316 

B.M.I6 

5.2 

119.1 

31 

6.4 

117.9 

+50 

5.813 

120.502 

126.315 

3.616 

T.P. 

8.9 

117.4 

32 

7.235 

119.080 

B.M.I7 

FOR 

M  6  FOR 

DIFFERENTIA! 

-  LEVELING 

^0)159 
59.253 

59.253 

59.253 

+10.250 

5.700 

5.625 

69.503 

+3.745 

64. 953 

+3.747 

65.076 

+3.747 

-6.505 

1.953 

2.076 

62.996 

63.000 

63. 000 

• 

+6.872 

1.069 

7.164 

69.670 

+3.616 

70.089 

+3.617 

70.164 

+3.617 

'3.054 

3.272 

3.347 

(3) 

66.616 

66.617 

66.617 

■ 
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FORM   E 


PROFILE    NOTES,  STA.  31  TO  STA.40 


Cross  on  corner  of  lower  stone  step,  of  courf  house 


Ground 


B,M.  16  =  118.216 
^' X  a.5   ^    11,9 1 5 

T.R i:  F.5.=    II. 051 


Ground  ^'  ^'  ''^  =  ^'^'  ^^^  (check) 


Nail  in  root  of  oak  tree,  east  bank,  BorcfJe  Stream 
FORM    F ^ 

PROFILE    NOTES,   5TA.5I  TO  STA.40 


Cross  on  corner  of  lower  stone  step  pf  court  house 


Ground 


B.M.I6  =  lld.ZI6 
^ Z  0.5.=^  11.915 


T.R Z  F.5.=  11.051 


Ground  B.M.I7  =  119.080  (check) 


Nail  In  root  of  oak  tree,  east  bank,  Eaq/e  Stream 


FORM  6  FOR  DIFFERENTIAL  LEVELING 

Use  59.243  ^  1^0 

PkonEendofacurb,  N.curb,  TiltonStSOw.  of w  line  Mansfield  St 


B.5. Note:  Levels  adjusted  from 


Bench  18  on  pacfe  69 


F.5. 


Use  62.990 
N.E.cor.  catch  basin,  N.W.cor.  Mansfield  and  Tilton  Sts. 


B.5. 


A 


F.5. 


Use  66.807  ^ 

Pt.on  N.endofacurb^  Wcurb  Mansfield  St  side  drivewasf  info  (94  \ 
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333.  Field  Notes.  Different  forms  of  field  notes  have 
already  been  discussed  and  compared  in  Art.  303^  p.  239. 
Forms  E  and  F,  shown  on  pp.  256,  257,  correspond  to  forma 
A  and  C  on  pp.  239, 241 .  Form  G  shows  the  notes  for  three  inde- 
pendent runnings  of  a  line  to  establish  a  series  of  benches  for 
a  sewer.  The  notes  for  a  single  running  are  kept  alinost  en- 
tirely in  one  column,  the  difference  between  the  B.S.  and  F.S. 
at  each  station  being  noted  in  an  adjacent  column.  The  form 
in  self-explaining;  it  affords  an  excellent  comparison  of  the 
three  results  obtained  for  each  B.M.,  since  these  results  are 
side  by  side  on  the  same  horizontal  line,  and  it  suggests  how 
special  forms  of  notes  may  be  devised  to  suit  special  kinds  of 
work.  It  will  be  noticed  that  the  final  elevations  used  are  0.01 
ft.  less  than  the  mean  values  obtained.  This  comes  from  cor- 
recting the  elevation  of  the  first  B.M.  to  accord  with  elevations 
previously  used  on  p.  69  of  the  field-book  as  indicated  by  a 
note  on  the  right-hand  page. 

Remark. — Follow  the  general  directions  for  keeping  notes  given  in 
Chapter  III. 

334.  Setting  Grade-stakes.  This  consists  in  setting  stakes 
which  shall  indicate  how  much  cut  or  fill  is  required  to  bring 
the  surface  of  the  ground  to  a  given  elevation  or  grade.  Grade- 
stakos  are  also  set  for  curbs,  pavements,  sewers,  foundations, 
etc.  (336  Chapter  XXIII.)  The  height  of  the  instrument 
havi-ig  been  established,  and  the  required  elevation  of  any 
point  being  known,  the  grade-rod  for  that  point  can  be  calcu- 
lated. (See  p.  243.)  This  is  simply  reversing  the  usual  oper- 
ations of  leveling.  There  are  several  ways  in  which  stakes  may 
be  set.  (1 )  Each  stake  may  be  driven  so  that  its  top  is^'cU  grade." 
This  is  the  ideal  method,  but  in  many  cases  it  cannot  be  used, 
since  the  top  of  a  stake  would  come  either  below  the  surface 
of  the  ground  or  too  far  above  it.  (2)  ^oc/i  stake  may  he  driven 
so  that  its  top  is  one  foot,  two  feet,  or  any  whole  number  of  feet 
above  or  below  grade.  This  is  a  method  often  used.  (3)  Each 
stake  may  be  driven  approximately  to  grade,  and  then  a  horizontal 
line  may  be  drawn  across  one  side  or  the  top  of  the  stake  may  be 
sawi^d  off,  either  at  grade  or  some  whole  number  of  feet  above  cr 
below  grade.  This  can  be  done  when  stakes  are  not  easily 
driven  to  the  desired  height.  •  (4)  Each  stake  may  be  driven 
without  regard  to  grade,  the  elevation  of  its  top  afterward  aseer- 

Uitn^d,  and  the  amourU  of  cut  or  fill  from  the  top  marked  on  the 
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stake.  This  method  makes  it  neceesaiy  for  the  contractor  to 
measure  to  decimals  of  a  foot,  and  hence  mistakes  are  more 
likely  to  occur.  (5)  A  stake  may  be  driven  and  marked  cut  or 
fiU  so  much,  wUh  the  understanding  that  the  cut  or  fill  must  he 
measured  from  the  existing  surface  of  the  ground.  This  method 
could  be  used  only  for  rough  grading.  Thus,  for  example,  in 
railway  work  the  preliminary  grading  can  be  done  from  such 
stakes,  but  the  road-bed  is  finished  and  the  rails  are  laid 
from  stakes  driven  with  tops  at  grade. 

(a)  General  method  of  procedure.  The  required  elevation  at 
each,  point  where  a  stake  is  to  be  set  must  be  determined.  It 
is  well  to  do  this  in  the  office  before  going  into  the  field.  These 
elevations  are  entered  in  the  level  notes  in  the  usual  way. 
After  the  instrument  is  set-up  and  the  height  of  instrument 
f  3und,  the  grade-rod  should  be  figured  for  each  stake  that  is 
to  be  driven  from  that  particular  set-up.  If  method  (1)  is 
used  set  the  target  at  the  grade-rod  for  any  stake,  and  drive 
the  stake  until,  when  the  rod  is  held  on  its  top,  the  center  of  the 
target  is  covered  by  the  horizontal  hair.  If  method  (2)  is  used 
proceed  in  the  same  way,  except  use  a  ''field"  grade-rod  which 
shall  bring  the  top  of  the  stake  a  convenient  distance  above 
ground,  and  a  whole  number  of  feet  above  or  below  grade. 

•  (6)  Illustration.  The  required  elevation  of  a  point  is,  say,  123  ft.  The. 
ictuai  elevation  of  the  ground  at  that  point,  given  in  the  note-book  or 
found  at  the  time  by  taking  a  foresight,  is  123.4  ft.  The  H.I.  has  been 
found  to  be  133.6  ft.  The  true  grade-rod  is,  therefore,  133.6-120  =  13.6 
ft.  As  the  surface  of  the  ground  is  12S.4— 12J  =  8.4  ft.  above  grade,  the 
top  of  the  stake  shoul  1  be  about  9  ft.  above  grade  or  about  0.6  ft.  above 
the  ground.  Hence  the  field-rod  used  in  setting  the  stake  is  13.6  —  9.0  = 
4.6  ft.  The  stake  is  marked  "Cut  9.0  ft."  and  the  contractor  is  told  to 
measure  from  the  tops  of  stakes. 

A  similar  method  of  procedure  may  be  used  for  method  (3).  In  method 
(4)  the  cut  or  fill  marked  on  the  stake  is  si-nnly  the  difference  between  the 
elevation  of  the  top  of  the  stake  and  the  gr!lde  elevation  at  that  point; 
in  (5)  it  is  the  difference  between  the  elevation  of  the  ground  and  the 
grade  elevation. 

(c)  Practical  suggestions.  (1)  First  drive  a  stake  approximately/,  being 
careful  to  stop  before  it  is  too  low.  Hold  the  rod  and  let  the  leveiman 
indicate  how  much  more  it  should  be  driven.  (2)  Don't  split  hairs.  Keep 
in  mind  how  close  the  contractor  can  work,  and  drive  stakes  accordingly. 
It  is  folly,  for  ex&mple,  to  drive  stakes  to  the  nearest  hundredth  of  a  foot 
for  ordinary  grading,  the  nearest  tenth  will  often  do.  On  the  other  hand, 
stakes  for  curbs  and  pavements  should  be  set  with  ^greater  accuracy. 
(3)  Time  can  often  be  saved  by  not  using  a  target  at  aU,  i.e.,  by  reading  the 
grade-rod  directly  from  the  instrument.  (4)  Sometimes,  as  in  the  case 
of  sewers,  some  other  device  than  stakes  must  be  used  for  giving  grade 
(aeo  Chapter  XXIII).  (5)  Stakes  should  be  close  enough  together  tO 
enable  the  contractor  to  do  his  work,  but  not  so  close  as  to  be  in  his  way. 
(6)  There  are  two  very  common  mistakes  which  occur  in  setting  grade- 
.stakes.  One  is  to  observe  the  wrong  horizontal  cro^s-h^ir  (i.e.,  a  stndia- 
wire),  the  other  is  to  set  the  target  incorrectly  for  the*  grade-rod.  TV\r>, 
only  absolute  check  is  to  test  the  stakes  by  8eU\n£  wp  l\i!&  vQs\>Tsascv«,Tw\.  Vv\ 
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a  dxlEemii  poextioQ,  bat  errors  may  often  be  detected  bf  tbe  «re  ak 
If  the  tO|)e  of  three  or  more  stakes  snouki  be  oft  the  aune  &ie,  aul  any 
flf  tb»D  is  enona^  aborvie  or  bek>«r  the»  line  to  aSeet  ecwfstiuctioii,  the 
error  wiH  be  apparent  to  the  eye  in  ni^tinc  aeroes  the  tope  of  the  staloes. 
Henee  form  the  hiUxt  of  fnqiumdy  ai§ktim§  Ay  cyr,  tm  wtakm  wmn  ihmt  etate 
are  -jpraperly  »^ 

(7)  The  Held  nateg  are  kept  in  the  asaal  form,  exeept  that  wlieift  they 
hare  been  worked  op,  additiooal  ciata  wiH  appear  in  the  notc8>  scch  as  ft 
eol  irnn  of  grad3^rod  values,  grade  elevations,  height  of  ground  above  grade, 
an  1  heii^  of  grade-mark  above  groand.  A  study  of  the  nmtes  for  giviiig 
a  grade  for  a  aewer  (Chapter  XXIU)  will  sngBest  forms  for  Mmn»y  work 
in  netting  grade-stakes. 

(8)  The  tianat  is  very  convenient  fw  setting  grade-stakaB  (Art.  336.) 

335.  Marking  Grade-stakes.  If  a  stake  is  at  giade  it  is 
customaiy  to  mark  it  ''Grade/'  if  cut  or  fdl  is  required  it  is 
marked  "Cut  —  ft."  or  "Fill  —  ft."  The  numbor  of  feet 
should  be  plain  and  unmistakable.  In  addition  the  number  of 
the  stake  is  often  marked  on  another  side,  as,  for  example, 
••  20+  50  "  or  "  A-23."  Sometimes  when  the  cut  or  fill  is  measured 
from  a  line  drawn  across  the  stake,  an  arrow  drawn  downward 
for  cut  and  upward  for  fill  is  used  in  place  of  tue  words  "cut" 
and  "fin."  Thus,  an  arrow  drawn  downward  fnxn  the  'ine 
and  marked  10  ft.  means  "measure  down  10  ft.  from,  t^  is  line 
to  get  a  point  on  grade."  Stakes  should  be  marked  with 
crayon  which  will  not  be  washed  out  by  rain.  Too  much  of 
the  surveyor's  crayon  on  the  market  will  not  stand  this  test. 

SS6.  Shooting  in  Grades.  This  consists  in  establishing  a 
line  of  sight  parallel  to  the  grade,  so  that  one  grade-rod  will 
answer  for  all  the  points.  It  is  most  easily  done  with  a  tran- 
sit, although  it  may  be  done  almost  as  easily  with  a  level.  The 
first  step  is  to  establish  two  fixed  points  at  grade.  These  are 
usually  stakes,  one  at  each  end  of  the  line,  or  if  that  brings 
them  too  far  apart  for  accurate  sighting,  extra  stakes  are  set 
at  intervals  of,  say,  400  ft.  The  method  of  procediune  for 
shooting  in  a  grade  between  any  two  stakes  is  described  on 
p.  2)1.   (See  also  Lcve^i  ^g  with  the  Gradienter,  p.  245.) 

337.  Summary — Directions  and  Suggestions  for  Spirit- 
leveling. 

(a)  Suggestions  for  the  Levelman. 

I,  Choose  a  good  place  for  setting  up  the  level,  away  from 
passing  wagons  or  cars,  where  there  is  a  firm  footing,  and  where 
sights  on  turning-points  will  be  equal.  If  turning-points  are 
ostablished,  set  up  half-way  between  them.  Avoid  sights  of 
I       than  100  ft.  or  more  than  300  ft. 

^  On  steep  slopes  resist  the  temptation  to  take  unequal 
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sights,  and  estimate  how  far  to  set  the  level  up  or  down  hill 
from  the  backsight  and  still  have  the  line  of  sight  strike  the  rod. 

3.  Be  sure  the  level  is  set  up  correctly  before  sighting.  All 
four  thumb-screws  should  bear  firmly,  and  the  bubble  should 
be  given  time  to  settle,  especially  if  it  is  at  all  sluggish.  If 
between  sights  the  bubble  "gets  out*'  slightly,  bring  it  back 
before  the  next  sight.  Watching  the  bubble  closely  should 
become  instinctive  with  a  levelman. 

4.  It  is  not  necessary  to  clamp  the  spindle.  Usually  it  is 
better  not  to  do  so. 

5.  Keep  the  horizontal  cross-hair  truly  horizontal. 

6.  If  the  sun  shines  into  the  object-glass,  and  there  is  no 
regular  sunshade,  roll  up  a  piece  of  paper  and  tie  it  around  the 
front  end  of  the  telescope  instead  of  trying  to  shade  the  glass 
with  a  hat. 

7.  Avoid  unnecessary  walking  around  the  instrument,  and 
keep  the  hands  off  the  instrument  and  tripod  when  sighting. 

8.  Make  your  signals  to  the  rodman  definite,  and  when  the 
target  is  to  be  moved  indicate  whether  to  move  it  much  or 
little. 

9.  In  reading  the  rod  without  a  target  avoid  errors  of  even 
feet  or  tenths  of  a  foot. 

10.  Do  not  split  hairs  on  intermediate  -stations  when  only 
approximate  elevations  (to  the  nearest  tenth)  are  wanted. 

11.  Keep  the  level  in  adjustment.     Test  every  day. 

12.  In  ordinary  work  effects  of  heat  and  wind  cannot  be 
avoided,  though  it  is  just  as  well  to  set  the  level  up  in  the  shade. 
In  precise  work  shade  the  level. 

13.  Protect  the  level  at  all  times.  Never  go  away  leavi  g 
it  standing  where  there  is  any  chance  of  its  being  knocked 
over. 

(6)  Suggestions  for  the  Rodman. 

1.  Choose  suitable  turning-points,  avoiding  above  everything 
else  objects  that  settle  or  are  easily  moved.  There  should  be 
a  definite  point  for  the  rod  to  rest  on,  and  do  not  through  care- 
lessness hold  the  rod  on  any  other  part  of  the  object.  Mark 
turning-points  or  describe  them  so  that  they  may  be  easily 
found  again. 

2.  In  choosing  a  new  turning-point  go  as  far  from  the  level 
as  the  level  is  from  the  preceding  turnil\g-po\w^  \  \i  WjSs,  \a»  \si<2» 
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far  up  or  down  the  hill  for  the  line  of  sight  to  strike  the  rod 
go  off  to  one  side  (zigzagging). 

3.  Keep  the  rod  plumb,  especially  in  the  direction  toward 
and  away  from  the  level — the  levelman  can  tell  when  it  is  out 
of  plumb  in  the  other  direction.  The  vertical  edge  of  a  build- 
ing or  other  vertical  object  may  sometimes  be  used  as  a  guide 
to  the  eye.     Hold  the  rod  still, 

4.  Be  on  the  alert  and  move  the  target  much  or  little,  ac- 
cording to  the  signals.  When  the  target  is  nearly  right  do  not 
move  it  by  jumps,  first  too  high  and  then  too  low.  A  good 
rodman  should  have  the  target  nearly  in  position  before  the 
levelman  is  ready  to  sight. 

5.  After  clamping  the  target  hold  the  rod  for  a  second  sight, 
to  see  if  setting  the  clamp  has  disturbed  the  target. 

6.  A  rod  should  be  tested  before  using  it  for  high-rod  read- 
ing (p.  232).  In  using  the  high  rod  extra  care  is  necessary 
(1)  to  set  the  target  correctly,  (2)  to  read  the  back  of  the  rod 
in  the  right  direction. 

7.  Look  out  for  errors  of  an  even  foot  or  an  even  tenth  in 
reading  the  rod,  and  especially  the  error  of  omitting  the  zero 
when  there  are  no  tenths,  as,  for  example,  4.35  instead  of 
4.035. 

8.  Do  not  lean  the  rod  against  a  tree  or  any  other  object 
where  it  is  likely  to  be  knocked  down  or  blown  over — it  is 
safer  to  lay  the  rod  on  the  ground.  Careless  handling  of  the 
rod  is  likely  to  result  in  bending  the  clamp-screw  to  the  target. 
Never  let  a  high  rod  down  "on  the  run,"  as  it  is  one  of  the  most 
common  ways  of  spoiling  a  rod — and  one  of  the  surest. 

9.  When  a  leveling-rod  is  not  at  hand  rough  work  can  be 
done  with  a  transit-pole.  When  the  differences  in  elevation  of 
only  two  or  three  points  are  required  rubber  bands  (one  for 
each  point)  may  be  used  as  targets  on  any  straight  stick,  the 
actual  differences  in  elevation  being  shown  by  the  final  positions 
of  the  bands.  The  bands  furnish  excellent  sights,  esp>ecially 
if  paper  is  wrapped  about  the  stick  underneath  each  band. 

(c)  Suggestions  for  both  the  Levelman  and  the  Rodman, 

1.  It  is  worth  while,  for  beginners  at  least,  to  check  each 

other's  rod-reading  and  for  each  to  keep  separate  field  notes. 

2.  Make  backsights  and  foresights  equal.    When  this  is  im- 
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possible,  as,  for  example,  in  crossing  a  wide  river,  use  the  recip- 
rocal method.     (See  p.  243.) 

3.  Take  sights  on  both  turning-pKjints  before  taking  interme- 
diate stations.  Describe  the  local  bench-marks  carefully,  not 
forgetting  to  establish  bench-marks  at  regular  intervals  and 
wherever  they  may  be  of  use  later.  (See  p.  253.)  If  anything 
happens  to  throw  the  work  out  go  back  to  the  nearest  bench- 
mark known  to  be  correct  and  start  over  again.  Write  the 
word  '' Abandoned '*  across  the  portion  of  the  notes  that  are 
incorrect.  Look  out  for  mistakes  in  recording.  (See  p.  274.) 
If  even  a  single  numeral  of  a  reading  as  entered  in  the  notes  is 
incorrect  do  not  erase,  but  draw  a  line  through  the  whole  read- 
ing, and  enter  the  correct  reading  directly  above  it.  Follow 
the  other  directions  for  taking  notes  in  Chapter  III. 

Use  discretion  and  common  sense  in  carrying  out  directions 
and  suggestions.  Keep  the  general  requirements  of  the  work 
in  mind,  learn  what  portions  of  the  work  can  be  slighted  and 
what  cannot  be  slighted  and  still  meet  the  requirements.  Not 
all  portions  of  the  work  need  be  done  with  the  same  care,  as, 
for  example,  sights  on  intermediate  stations  may  be  taken  less 
accurately  than  those  on  turning-points.     (See  p.  253.) 

338.  Duties  of  Levelman.  To  run  the  level,  to  keep  it  in 
adjustment,  to  care  for  it  and  protect  it.  To  keep  a  general 
run  of  the  work,  seeing  that  no  stations  are  omitted,  that  turn- 
ing-points are  properly  chosen,  bench-marks  established,  and 
all  work  done  as  expeditiously  as  possible.  To  keep  notes  if  it 
is  desirable  (and  it  is,  at  least  in  class  work),  and  to  "work  up" 
the  notes  with  the  rodman  each  day  after  the  field  work  is 
done. 

339.  Duties  of  the  Rodman.  To  hold  the  rod  plumb  and 
still,  and  exactly  on  the  point  where  it  should  be  held.  To  be 
alert  and  attentive  to  signals,  moving  the  target  to  position  in 
as  little  time  as  possible,  and  having  set  the  target  to  give  a  second 
sight.  To  read  the  rod,  enter  the  reading  in  the  note-book,  and 
show  the  rod  to  the  levelman  for  a  check-reading.  To  choose 
turning-points,  establish  bench-marks,  and  describe  them  in  the 
notes.  To  care  for  the  leveling-rod.  To  work  up  notes  with 
the  levelman  at  the  end  of  each  day's  work. 

340.  Instructions  for  very  Accurate  Leveling,  based  on 
customary  methods  for  eliminating  constant  erroT^,  «u"t^  ^g^^^x. 
in  the  next  chapter. 
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341.  Trigonometric  Leveling.  First  mtJwd.  (See  also  p. 
244.)  (1)  Measure  the  horizontal  distance  from  ihe  transit  to 
the  point  where  the  elevation  is  required.  (2)  Sight  on  a  pole 
held  at  the  required  point  and  read  the  vertical  angle.  (3)  Mul- 
tiply the  horizontal  distance  by  the  tangent  of  the  vertical  angle. 
The  result  i^  the  difference  in  elevation  between  the  supporting 
a^ds  of  the  telescope  and  the  point  sighted  at  on  ihe  pole. 

(a)  Practical  hints.  The  difference  in  elevation  usually  required  is  that 
between  two  i>oint8  on  the  ground,  one  at  th3  transit  and  one  at  the  si^ht- 
pole.  Hence  as  soon  as  the  transit  is  set  up  hold  the  pole  at  the  transit 
and  mark  on  it  the  height  of  the  supporting  axis  of  the  telescope  above  the 
ground.  (Wrap  paper  around  the  pole  and  use  a  rubber  band.)  Sight  on 
this  mark  when  measuring  vertical  angles.  A  level-rod  with  the  target  set 
at  the  height  of  the  supporting  axis  is  Ft  ill  better. 

The  horizontal  distance  may  be  measured  (1)  with  the  tape,  (2)  with 
the  stadia,  or  (3)  by  triangulation,  as  in  the  case  of  an  inaccessible  height 
(see  p.  223). 

If  the  elovations  of  many  points  are  to  be  reduced  from  vertical  an^es 
the  ase  of  a  reduction  table  or  a  special  form  of  shde-rule  will  save  much 
computation. 

(6)  Illustration.  A  transit  stands  at  Station  A.  A  sight-pole  Ls  held 
so  that  the  height  above  the  ground  of  the  supporting  axis  of  the  telescope 
may  be  marked  upon  it.  The  cross-hairs  are  then  brought  on  this  mark 
when  the  pole  's  held  at  a  second  point  B.  The  vertical  angle  as  read  at 
the  transit  is  5°  20^  The  horizontal  distance  from  ^  to  £  is  known  to 
be  421.6  ft.  Tangent  of  5°  20'  is  0.0933.5.  Then  ^21.6X0.09335  =  39.36 
ft.,  the  difference  in  elevation  of  the  ground  at  A  and  at  B. 

(c)  The  accuracy  of  the  method  may  be  judged  by  the  following  results: 
IT  the  vernier  on  the  vertical  arc  reads  to  ninutes  the  error  in  rea^^ing 
the  vertical  angle  should  not  exceed  I'.  If,  in  the  alx)ve  illustration,  the 
heights  are  computed  for  three  readings,  5°  19^,  5°  20',  and  5°  21'.  the 
three  results  are  respectively  39.234,  .39.356,  and  39.483,  or  a  difference 
for  one  minute  of  0.12  for  421.6  ft.  If  the  vertical  angle  had  been,  say, 
20°  larger,  the  error  for  one  minute  would  still  be  annroximately  the  rame. 
Thus,  for  three  readings,  25°  19',  25°  20',  and  25°  21',  the  three  results 
woull  be.  respectively  199.438,  199.590,  and  199.741,  or  a  difference  of 
about  0.15  ft.  in  421.6  ft.  It  is  thus  seen  that  the  error  which  arises  from 
reading  the  vertical  arc  is  comparatively  small.  By  the  upe  of  the  gra- 
dienter  this  error  can  be  made  much  le.«»s  (see  p.  245)  It  must  be  remem- 
bered, however,  that  there  are  other  sources  of  error.  The  Isvel-bi'lb  on  the 
telescope  may  not  be  sensitive,  and  it  may  also  be  out  of  adja«^irent,  i.e., 
the  line  of  sight  may  not  be  horizontal  when  the  reading  on  the  vertical 
arc  is  zero.  There  may  be  an  error  in  the  horizontal  distance.  Thui»,  if 
in  the  illustration  the  distance  had  been  called  420.6  instead  of  -^21.6.  the 
error  in  height  for  5°  20'  would  be  0.09  ft.,  and  for  23°  23'  it  would  have 
been  0.47  ft.  It  is  seen,  however,  that  the  method  is  sufficientlv  accurate 
for  most  purposes,  and  can  be  used  a  great  many  times  in  place  of  a  level 
and  level-rod.  The  method  is  used  for  determining  the  height  of  an  in- 
accessible point  (see  p.  223). 

{d)  Second  method.  In  topographic  surveying  the  second 
method  (p.  244)  is  more  often  used,  the  hypothenuse  of  the 
triangle  being  measured  in  place  of  the  base  by  means  of  the 
stadia. 

342.  The  Aneroid  Barometer.  (See  p.  245  for  the  theory.) 
The  aneroid  barometer  is  less  accurate  than  the  mercurial 
barometer,   but  it  is  far  more  portable  and  convenient,  and 

therefore  it  is  used  almost  exclusively  in  surveying.     It  con- 
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sists  of  a  metallic  box  from  which  the  air  has  been  exhausted. 
The  varying  pressure  of  the  atmosphere  acting  upon  a  thin 
corrugated  top  of  the  vacuum-chamber  moves  it  in  or  out,  and 
this  motion  is  transmitted  by  multiplying  levers,  chains,  and 
springs  to  a  pointer  moving  around  a  dial  which  is  grad- 
uated so  that  atmospheric  pressure  is  recorded  in  inches  to 
ccJlrespond  to  the  varying  heights  of  a  column  of  mercury.  In 
addition  the  altitudes  in  feet,  corresponding  to  various  pres- 
sures, are  usually  given  by  a  second  set  of  graduations — ^less 
accurate  than  the  first  because  dependent  upon  barometric 
formulas  for  reducing  pressure  to  altitude. 

In  addition  to  the  atmospheric  sources  of  error  discussed 
on  p.  245,  the  aneroid  barometer  is  subject  to  many  instru- 
mental errors  such  as:  (1)  Varying  sensitiveness  or  lack  of 
sensitiveness  of  the  corrugated  top;  (2)  incorrect  graduations; 
(3)  failure  of  chains  and  levers  to  respond  quickly  to  movements 
of  the  corrugated  top.  The  instrument  is  not  intended  for 
accurate  work  and  is  used  chiefly  for  reconnoissance  or  explor- 
ation in  hilly  country,  and  for  rough  topographic  surveys  whek-e 
it  is  desired  to  sketch  in  contours  quickly  without  great  regard 
for  accuracy. 

343.  Leveling  with  the  Barometer.  There  are  three 
methods:  (1)  Single  observations;  (2)  simultaneous  observa- 
tions;   (3)  extended  series  of  observations. 

The  method  of  single  observations  is  the  one  most  used  for 
ordinary  work.  The  barometer  is  carried  from  f>oint  to  f>oint 
and  a  single  reading  taken  at  each  station.  The  readings  thus 
obtained  involve  all  atmospheric  errors,  esp^ecially  those  due  to 
the  changes  in  the  atmosphere  which  take  place  during  the  in- 
terval between  observations. 

The  altitude  scale  should  not  be  used  except  for  very  rough 
work,  and  only  for  the  purpose  of  ascertaining  differences  of 
altitudes.  If  the  scale  is  adjustable  the  barometer  may  be 
taken  to  some  bench-mark  or  point  of  known  elevation  and  set 
at  the  altitude  of  that  point,  then  the  elevations  of  other  points 
may  be  read  directly  from  the  altitude  scale.  This  means, 
however,  that  temperature  and  other  sources  of  error  are 
ignored,  and  only  approximate  results  can  be  expected.  A 
better  method  is  o  use  the  scale  corresponding  to  inches  and 
correct  for  temperature  as  follows: 

(a)  Method  of  procedure.     (I)  Take  t\iQ    \i\Ta?cv^\^--x^'^.^v^Sfe. 
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(in  inches)  at  the   first  station  or  bench-mark,  and  note  the 
temperature  of  the  atmosphere. 

(2)  Take  the  barometer-reading  and  note  the  temperature  at 
the  second  station. 

(3)  Find  from  Table  I  the  altitude  corresponding  to  each  of 
the  barometer-readings,  and  subtract  one  from  the  other,  the 
result  is  the  difference  in  altitude  of  the  two  stations  uncorrected 
for  temper cUure* 

(4)  Add  the  two  temperatures  and  from  Table  II  find  the 
correction  coefficient  C  for  that  sum. 

(5)  Multiply  the  difference  obtained  in  (3)  by  {1+C),ffiving 
to  C  its  proper  algebraic  sign  (—  if  t+t' <100P  ana  -f  if  t+^> 
100°).  fhe  result  is  the  approximate  difference  in  altitude  of 
the  two  stations. 

*(6)  Suggestions:  (1)  Notice  that  the  erroneous  assumption  in  regard  to 
the  average  temperature  of  the  air-column  (p.  246)  is  involved,  as  are  all 
the  other  sources  of  error  mentioned  on  p.  245.  (2)  Readings  for  altitudes 
shbuld  not  be  taken  just  before  or  after  or  during  a  storm.  (3)  The  shorter 
the  tiixie  between  the  readings  at  two  different  stations  the  better.  (4)  At 
the  beginning  of  a  day's  work  compare  the  barometer-reading  at  some 
atifttion  with  the  reading  at  the  same  station  on  the  day  before,  and  thus 
get  an  approximate  correction  for  the  atmospheric  changes  if  any  have 
taken  place.  It  is  well  to  do  this  at  intervals  during  the  day,  as  the  Pres- 
sure at  a  given  point  may  change  very  much  in  a  short  time.  (5)  Hold 
the  barometer  in  the  same  position  when  reading  it,  always  vertical  or 
alwajrs.  horizontal,  preferably  vertical.  (6)  The  barometer  is  apt  to 
•*catch"  or  "hang" — tap  it  gently  with  the  finger  before  reading  it. 
(7)  The  barometer  "drags,"  sometunes  registering  at  one  moment  the 
elevation  where  it  was  twenty  minutes  before.  Hence,  in  ascending  a 
hill  consecutive  readings  are  likely  to  be  too  low — in  descending  too  high. 
This  dragging  is  a  most  common  source  of  error. 

(c)  Simultaneous  observations,  i.e.,  taking  simultaneous  read- 
ings at  different  places  with  barometers  which  have  been  pre- 
viously compared.  The  aim  of  this  method  is  to  eliminate  as 
far  as  possible  error  due  to  changes  in  atmospheric  conditions 
during  the  time  which  elapses  between  the  observations  at  the 
first  and  second  stations.  One  barometer  is  kept  at  the  base 
or  starting-pKjint,  and  it  is  assumed  that  whatever  change  is 
indicated  by  this  barometer,  as  read  at  intervals  previously 
agreed  upKjn,  should  also  be  allbwed  for  in  reading  the  other 
barometer  read  at  the  same  intervals.  This  assumption  may 
or  may  not  be  true,  but  the  method  is  the  most  satisfactory 
one  which  the  engineer  can  use  when  stations  are  widely  sepa- 
rated, since  he  can  seldom  carry  on  a  long  series  of  observations 
at  any  one  station  to  detennine  the  mean  reading. 

(d)  Extended  series  of  observations  are  usually  taken  with  mer- 
curial barometers  and  cover  long  periods  of  time.  The  mean 
readings  thus  obtained  often  give  excellent  results,  but  of  course 
the  method  cannot  be  used  to  any  extent  in  surveying. 

*  Tables  I  and  II  are  in  the  back  of  the  book. 
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(e;  Limits  of  error.  Errors  may  be  expected  in  barometrio 
leveling  of  from  one  to  ten  per  cent,  though  many  instances  may 
be  cited  where  the  error  was  much  less  than  one  per  cent,  and 
sometimes  the  error  is  greater  than  ten  per  cent.  In  ordinary 
work  single  observations  taken  on  the  same  day  at  frequent 
intervals  will  vary  from  three  to  five  per  cent  from  results  ob- 
tained by  spirit-leveling.  If  temperature  is  ignored,  that  alone 
may  introduce  an  error  of  from  one  to  ten  per  cent.  (See 
correction  in  Table  II  for  ^+^'  =  180°.)  By  comparing  barom- 
eters with  each  other  and  by  taking  other  similar  precautions 
the  errors  may  be  corrected  or  reduced.  In  the  ordinary  topo- 
graphic surveying  where  bench-marks  have  been  established, 
the  best  method  is  to  start  at  one  bench-mark  and  close  as 
frequently  as  possible  on  other  bench-marks;  thus,  by  com- 
paring with  the  elevations  obtained  by  spirit-leveling,  one  can 
get  the  general  run  of  errors  to  be  expected  in  the  use  of  the 
barometer  under  the  given  conditions. 


CHAPTER  XXII 
ERRORS  IN  LEVELING 

In  tUfl  chapter  souroes  of  errors  in  leveling  are  pointed  out.  the  rdative 
importance  of  errors  from  different  sourcei  is  discussed,  and  methods  ol 
correction  or  elimination  are  given.  Limits  of  error  are  suggested,  the 
preoikutions  which  are  necessary  in  accurate  leveling  are  outhned.  and  a 
method  of  procedure  embodying  these  precautions  is  given.  The  general 
discussion  of  errors  in  Chapter  II  should  be  studied  before  beginning  this 
ohapter. 

344.  Sources  of  Errors  in  Leveling.  (1)  Instrumental 
errors,  (a)  Errors  of  adjustments,  and  (6)  defects  in  the  con- 
struction of  non-adjustable  parts. 

(2)  Mistakes  in  manipulating  the  level  and  leveling-rod. 

(3)  Mistakes  in  reading  the  leveling-rod. 

(4)  Errors  in  sighting. 

(5)  Errors  due  to  changes  in  the  position  of  the  level  or  rod. 

(6)  Errors  due  to  natural  sources. 

(7)  Mistakes  in  recording  and  computing. 

(8)  Personal  errors. 

345.  Instrumental  Errors,  (a)  Errors  di^e  to  imperfect  ad- 
justment. Errors  are  compensating;  they  are  practically  elimi- 
nated if  the  lengths  of  the  foresight  and  the  backsight  are  made 
exactly  equal.  The  adjustments  of  the  level  (explained  in  Part 
III)  are  for  the  purpose  of  making  the  line  of  sight  generate  a 
horizontal  plane  of  sight  (p.  236)  when  the  level  is  properly  set  up. 
If  the  line  of  sight  is  not  parallel  to  the  bubble-axis  (the  prin- 
cipal error  of  adjustment),  it  will  generate  the  surface  of  a  cone 
the  axis  of  which  is  vertical,  and  hence  rods  held  equally  dis- 
tant from  the  instrument  will  be  intersected  at  the  sam^  level 
by  an  imaginary  base  of  the  cone,  and  the  error  due  to  the  fact 
that  the  hne  of  sight  does  not  move  in  a  plane  is  eliminated. 

(6)  Sluggish  bubble.  If  the  bubble  is  sluggish  in  its  move- 
ment, an  error  may  result  from  the  bubble  coming  to  rest  in 
the  wrong  position,  even  though  it  may  creep  back  to  the  cor- 
rect position  while  the  sight  is  being  taken.  The  error  is  comr- 
pensating  and  partially  avoided  by  observing  the  bubble  after 
the  target  is  set  to  see  if  it  is  still  in  the  center  of  its  tube,  but 
such  a  bubble  is  a  constant  source  of  annoyance  and  delay. 

(c)  Error  in  the  movement  of  the  object-glass  slide.  Error  is 
compensating,  and  is  entirely  eliminated  by  making  the  back- 

2^ 
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sight  and  foresight  equal,  since  in  that  case  the  focuA  is  not 
changed  and  hence  the  slide  is  not  moved. 

(d)  Error  in  rod-graditation.  Not  likely  to  be  appreciable  in 
ordinary  work  if  the  rod  is  graduated  by  a  reputable  maker, 
but  every  new  rod  should  be  tested. 

(e)  Error  due  to  a  defective  joint.  An  extension-rod  with  an 
abutting  joint  should  be  thoroughly  tested  at  frequent  intervals 
by  the  method  explained  on  page  232.  The  wear  and  tear  from 
letting  the  rod  down  "on  the  run"  and  from  other  sources  may 
seriously  affect  this  joint  (see  Remark,  p.  232),  and  failure 
to  test  the  rod  may  result  in  a  large  cumulative  error. 

346.  Mistakes  in  Manipulation,     (a)  The  level.    Mistakes 

in  setting  up,  unnecessary  clamping  of  the  spindle,  errors  in 

centering  the  bubble,  failure  to  watch  the  bubble,  resting  the 

hands  on  the  tripod  or  telescope.     (See  ''An  experiment,"  p. 

227.)     Precautions  should  be  taken  to  keep  the  bubble  in  the 

center  of  its  tube.     If  it  moves  out  slightly,  bring  it  back  with 

the   leveling-screws.    Sometimes   in   work   of  great   precision 

mirrors  are  used   (Art.  349  (6),  p.  272),  or  a  bubble-tender 

brings  the  bubble  to  position  with  a  slight  pressure  of  the 

fingei-s  (p.  279). 

(6)  Note,  •  The  levelman  should  know  the  error  caused  by  a  displace- 
ment of  the  bubble  judg^  by  the  division-marks  on  the  glass  tube.  The 
value  of  a  sin^e  division  varies  greatly  for  different  instruments,  but  it 
may  be  ascertained  easily  for  a  given  tube.  (See  Part  II  I. )  The  value  is 
commonly  given  in  units  of  angular  measure,  and  in  18-in.  levels  it  ia 
usually  from  20*  to  30*;  in  some  levels  it  is  10*  or  even  less  (p.  277), 
wnile  in  others  it  will  be  found  to  exceed  60''  or  1'.  Below  is  given  a  table 
which  shows  the  errors  in  feet  to  be  expected  with  instruments  of  di£Ferent 
sensitiveness  and  for  sights  oi  dUT^^nt  lengths.  "  D"  in  the  table  stands 
for  one  division  on  the  tube. 
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(c)  The  levding-rod  held  so  that  it  leans  towards  or  away  from  ' 
the  instrument  will  make  a  reading  too  large.  Error  is  com- 
pensating on  turning-points.  (Why?)  Avoided  by  swaying  the 
rod  slowly  backward  and  forward  after  the  target  is  set.  If 
the  target  center  does  not  move  above  the  line  of  sight,  and  coin- 
cides in  its  highest  position  with  the  horizontal  cross-hair,  the 
target  was  set  when  the  rod  was  vertical.  (Why?)  Otherwise 
it  must  be  reset.  (Satisfy  yourself,  by  trial,  of  the  importance 
of  holding  the  rod  plumb.) 

Question.  Why  is  the  error  not  compensating  when  leveling  entirdy  up 
hill  or  down  hill? 

Remark.  For  any  reading  less  than  2  ft.  it  is  probably  more  aoeurate 
to  have  the  rodman  plumb  the  rod  rather  than  wave  it,  for  the  graduated 
face  may  be  raised  when  the  rod  Ls  inclined  away  from  the  instrument, 
einoe  the  face  Ls  not  direcUy  over  the  point  of  support.  This  error  is  in- 
appreciable for  large  rod  readings.     (See  Eng.  News,  VoL  II,  pi  35,  1906.) 

A  better  way  to  make  sure  that  the  leveling-rod  is  held  plumb 
is  to  attach  a  plumb-line  or,  better  still  to  use  a  special  attach- 
ment devised  for  that  purpose.  Some  rods  are  furnished  with 
angle-targets  in  which  the  right-hand  half  of  the  target  is 
at  right  angles  to  the  left-hand  half;  the  horizontal  dividing- 
line  is  carried  over  these  two  surfaces  and  appears  as  a  con- 
tinuous and  unbroken  line  only  when  the  rod  is  vertical. 

(d)  Allowing  dirt  or  grit  to  accumulate  on  the  base,  of  the  rod 
or  in  either  abutting  joint  is  another  source  of  error.  (On 
what  part  of  the  rod  would  readings  be  affected  by  dirt  in  the 
joint?) 

347.  Mistakes  in  Reading  the  Rod  are  illustrated  on  pages 
229  and  231.  The  common  mistake  of  dropping  a  zero  from 
the  reading  may  be  avoided  by  considering  as  ''danger-points" 
the  first  tenth  of  each  foot,  and  on  rods  more  finely  graduated 
the  first  subdivision  of  each  tenth  of  a  foot  (y^  ft.).  Every 
rodman  is  likely  to  have  his  own  "danger-points"  which  he 
will  do  well  to  keep  in  mind  and  to  guard  against  by  extra 
care  when  a  reading  is  near  one  of  them. 

348.  Errors  in  Sighting. 

(a)  The  difficulty  of  telling  when  the  cross-hair  exactly  coincides 
with  the  center  of  the  target  leads  to  an  error  which  is  hard  to 
avoid;  it  is,  however,  compensating.  The  coarseness  of  the 
cross-hair,  the  form  of  the  target,  and  the  eyesight  of  the  level- 
man,  all  have  to  do  with  such  an  error.  It  may  help  the  level- 
man  after  looking  steadily  at  a  target  until  he  thinks  it  is  in 
A  correct  position,  to  close  the  eye  momentarily  and  then  look 


Instrument 

Length  of  sights 

100                230      -        300 

Level  No.  1 

0.00196        0.00196        0.00370 

4.       «4    2 

0.00147         0.00229         0.00327 
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again  before  giving  the  signal  to  clamp.  He  should  see  to  it 
also  that  the  horizontal  cross-hair  of  the  level  is  kept  truly  hori- 
zontal.    (See  adjustments  of  the  level.) 

Sights  should  be  neither  too  long  nor  to  3  short  (from  100  to 
COO  ft.,  see  p.  251.) 

A  common  blunder  is  to  mistake  one  of  the  stadia  wires  for 
the  horizontal  hair. 

BxperimenL  The  following  experiment  was  tried  to  ascertain  the 
probable  error  of  setting  a  target  at  different  distances.  A  level  was  set 
up  with  two  Isveltng-screws  in  the  line  of  sight.  An  instructor  held  an 
umbrplla  over  the  instrument  and  kept  the  bubble  in  the  center  of  its  tube, 
woile  eighteen  students  who  had  used  the  l3vel  just  enough  to  become 
accustomed  to  its  use,  set  the  target,  each  in  turn,  at  three  different  dis- 
tances, the  instructor  reading  the  roi  for  all  settings.  The  probable  errors 
for  a  single  observation  were  as  follows: 

Conditions 

Sun  shining. 
Level  in  the  shade. 
Ail  slightly  boiling  at 
200  and  300  ft.,  "      "    3  0.00130        0.00157        0.00213 

L3vel*j  No.  1  and  No.  2  were  18"  wye-lsveh,  1|"  objective,  magnifying 
power  about  35  diameters.  Level  No.  3  was  a  15"  wye-level,  l-k"  objec- 
ti*re,  mag^tifying  power  about  30  diameters.  The  results  for  levels  1  and 
2  were  obiaineaT  by  one  group  of  students;  the  results  for  leved  3  were  ob- 
tained by  another  group  of  the  same  number  of  men  (18).  The  above 
results  indicate  that,  for  beginners  at  least,  under  favorable  conditions  the- 
chances.are  even  that  the  error  of  sighting  and  of  setting  the  target  will 
not  exceed,  say,  0.002  ft.  for  a  100-ft.  sight,  0.0023  for  200  ft.,  and  0.0037 
for  300  ft. 

The  error  of  reading  a  rod  directly  without  the  use  of  a  target  Is  not  as 
great  as  is  commonly  supposed.  From  a  large  number  of  readings  taken 
by  a  class  of  over  100  beginners,  using  "speaking"  rcxis  of  various  styles 
with  graduations  more  or  less  dim,  the  probable  errors  for  a  single  obser- 
vation at  different  distances  were  found  to  be  (in  feet): 

Length  of  sight  50  100  150  200  250  300 

Probabla  error  0.002i     0.0035     0.0038     0.0048     0.0062     0.0065 

Comparing  these  results  obtained  under  unfavorable  conditions  with  those 
above  obtained  under  favorable  conditions,  it  is  seen  that  target  readings 
are  but  slightly  more  accurate  than  direct  readings.  Under  certain  eon- 
ditions  they  have  been  found  to  be  less  accurate. 

349.  Errors  Due  to  Changes  in  Position  of  the  Level  or 
the  Rod. 

(a)  Settling  of  the  instrument  between  the  backsight  on  one 
turning-point  and  the  foresight  on  the  next.  Cumulative, 
tending  to  make  all  elevations  too  high  because  the  foresight 
is  shortened,  and  the  calculated  elevation  of  the  second  turn- 
ing-point will  therefore  be  too  high.  Avoided  by  setting  up 
the  instrument  solidly  on  firm  ground,  and  taking  the  foresight 
on  the  second  turning-point  immediately  after  backsighting  on 
the  first.    For  this  reason  two  rods  and  two  rodmen  are  some- 
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times  used  (p.  277).  Reninning  in  the  opposite  direction  tends 
to  eUnunate  this  error  also.  On  warm  winter  days  when  the 
ground  is  thawing  the  error  due  to  settling  may  be  very  large. 

(6)  The  level  disturbed  or  jarred  by  passing  trains,  teams,  or 
by  the  levelmia  walking  around  it.  Error  most  likely  to  occur 
on  loose  soil,  or  on  a  smooth  surface  where  the  tripod-ehoes  do 
not  catch.  On  some  instruments  mirrors  are  placed  so  that 
the  levelman  can  watch  the  bubble  without  leaving  his  posi- 
tion behind  the  instrument,  and  in  precise  leveling  he  can  ob- 
serve the  cross-hair  and  the  bubble  at  the  same  time.  Aa  a  pre- 
caution in  ordinary  work,  set  two  legs  of  the  tripod  in  a  line 
parallel  to  the  general  direction  of  the  stations,  imd  see  that  all 
three  legs  are  reasonably  firm  before  leveling  up. 

(c)  Settling  of  a  turning-point  between  the  foresight  and  the 
])acksight  on  it.  Cumulative,  tending  to  make  elevations  too 
high  because  the  backsight  reading  will  be  increpsed,  thus  in- 
creasing the  calculated  height  of  instrument.  Easily  avoided 
by  choosing  proper  turning-points.  (See  p.  252.)  Rerunning 
in  the  opposite  direction  tends  to  eliminate  this  error. 

350.  Errors  Due  to  Natural  Sources. 

(a)  Chanjes  in  the  instrument  due  to  the  effect  of  sun  and  wind. 
The  sun  shining  on  a  level  may  cause  its  parts  to  expand  im- 
equally.  For  example,  in  running  towards  the  sun  the  front 
wye  will  expand,  making  the  foresight  too  high,  hence  the  No- 
vation will  be  too  low.  On  backsighting  the  other  wye  will 
expand,  making  the  backsight  too  small,  hence  the  height  of 
instrument  too  low.  The  error  is  therefore  apt  to  be  cumula- 
tive, making  all  elevations  too  low.  Again,  if  the  sun  heats 
one  end  of  a  bubble-tube  more  than  the  other  the  bubble  will 
move  towards  the  heated  end.  (Try  breathing  on  one  end  of  a 
tube  which  is  level,  or  warm  one  end  by  holding  the  fingers  on 
it,  watching  the  bubble  to  see  if  it  is  drawn  over.)  Errors  due 
to  the  sun  may  be  avoided  by  shading  the  instrument  with  an 
umbrella,  or  working  on  a  cloudy  day.  The  effect  of  wind  and 
heated  air-currents  is  to  make  the  target  seem  to  tremble  or 
dance,  and  often  renders  accurate  work  out  of  the  question. 
In  precise  leveling  a  tent  is  sometimes  used  to  shelter  the  level 
from  both  sun  and  wind.  The  least  wind  is  usually  at  day- 
break, a  time  when  the  atmosphere  is  also  in  the  best  condition 
for  long  sights. 
(b)  Change  of  length  of  level-rod  from  variations  in  teon>eia- 
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ture.  Inappreciable  In  ordinary  work,  but  fa  more  precise 
leveling  it  ia  quite  poaaible  that  errors  from  this  source  may 
exceed  the  errors  arising  from  the  leveling  itself.* 

(c)  Errors  from  euTvature  and  refradion.  (I)  Curvature.  The 
difference  between  a  horizontal  line  of  sight  and  a  level  line  is 
about  8  in.  per  mile,  and  varies  as  the  square  of  the  distance, 
i.e.,  the  curvature  of  a  level  surface  is  0.66725  ft.  multiplied  by 
the  square  of  the  distance  in  miles.  (See  foot  note  p.  2.)  The 
effect  of  curvature  is  to  increase  the  rod-reading. 

(2)  Refraction.  The  effect  of  refraction  is  the  same  as  if  the 
line  of  aight  were  curved  downward,  or  concave -towards  the 
earth's  surface,  and  hence  the  rod  reading  is  decreased.  The 
curve  is  irregular  because  of  varying  atmospheric  conditions, 
but  for  average  conditions  it  is  assumed  to  have  a  diameter 
about  seven  times  that  of  the  earth.     The  correction  for  refrac- 

^.    r  (Distance  in  feet)' "] 

LMean  radiua  of  earth  in  feetj 
mean  value  of  the  coefficient  of  refraction. 

(3)  Combined  curvature  and  refractitm.  The  effect  of  refrac- 
tion is  to  reduce  the  correction  for  curvature.  The  following 
table  gives  approximate  values  for  the  correction  for  combined 
Curvature  and  refraction. 

The  distance  D  and  the  correction  c  are  both  in  feet  except 
in  the  last  column,  where  the  distance  is  given  in  miles. 

CORKIiClTOS  rOH  CoUBIKEH  CUKVArUns  and   ItEFBACrriD.V  t 
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An  empirical  formula  giving  approximate  results  ia;  Curva- 
ture and  refraction,  in  feet  =  0.574  (distance  in  miles)'. 

The  error  due  to  curvature  and  refraction  may  be  eliminated 
by  making  the  bacfc-sight  and  foresight  equal  for  each  set-up. 

•  Wright's  Adiutmtnl  o/  06«rwUioB,  p.  873. 
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351.  Mistakes  in  Recording:  and  Computinf^.     (a)  Hm- 

takes  in  recording  will  sometimes  vitiate  the  otherwise  careful 
field  work  of  a  whole  day.  Entering  the  reading  with  figures 
interchanged,  as  3.45  instead  of  3.54,  entering  backd^ts  and 
foresights  in  the  wrong  columns,  or  neglecting  to  enter  a  back- 
sight at  aU,  are  some  of  the  mistakes  which  may  be  avoided, 
especially  in  class-work,  if  the  rodman  and  the  levelman  will 
each  keep  an  independent  set  of  notes. 

(6)  Errors  in  computing  can  usually  be  discovered  by  the 
check  given  on  p.  242. 

352.  Personal  Errors.  The  personal  equation.  Errors  which 
arise  from  causes  peculiar  to  the  individual  are  not  easil/  avoided. 
They  may  not  amount  to  much  in  ordinary  work,  but  they  are 
taken  into  account  in  precise  leveling,  especially  in  comparing 
results.  A  man  may  habitually  read  the  rod  too  hi^  or  too 
low,  or  he  may  manipulate  the  level  in  some  peculiar  manner 
80  that  slight  errors  of  the  same  sign  (cumulative)  occur.  Run- 
ning levels  in  opposite  directions,  the  rodman  and  the  levelman 
changing  places  before  going  over  the  ground  a  second  time,  or, 
in  running  a  single  line  of  levels,  changing  places  at  every  other 
set-up,  helps  to  eliminate  errors  of  this  kind. 

353.  Elimination  of  Errors, — Recapitulation,  (a)  3fi»- 
takes.  Keep  in  mind  the  "danger-points"  in  reading  the  rod 
(Art.  347,  p.  270).  Mistakes  in  reading  the  rod  and  in  record- 
ing the  readings  are  best  avoided  by  having  two  men  keep 
indejjerident  notes,  reading  the  rod  independently,  and  com- 
paring notes  after  both  have  read  the  rod.  The  levelman  should 
avoid  mistaking  a  stadia-wire  for  the  middle  horizontal  cross- 
hair. 

(6)  Constant  errors.  By  making  backsight  and  foresight 
equal  for  each  set-up  several  constant  errors  are  eliminated^ 
such,  for  example,  as  instrumental  errors  and  the  error  due  to 
curvature  and  refraction.  The  level,  however,  should  be  fre- 
quently tested  for  adjustment.  When  it  is  impossible  to  make 
backsight  and  foresight  equal  reciprocal  leveling  may  be  em- 
ployed (p.  243).  Rerunning  a  line  in  the  opposite  direction 
tends  te  eliminate  certain  other  constant  errors.  The  error  due 
te  the  settling  of  the  turning-point  or  to  holding  the  rod  on 
slightly  different  points  for  foresight  and  backsight  should  be 
avoided — it  is  usually  inexcusable;  in  many  cases  steel  turn- 
ing-points are  used  to  eliminate  such  errors.    The  error  due  to 
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settlement  of  the  instrument  is  reduced  by  taking  the  foresight 
as  soon  as  possible  after  the  backsight,  and  in  precise  leveling 
two  rodmen  are  used  for  this  purpose.  The  error  due  to  the 
bubble  being  out  of  center  is  avoided  by  instinctively  glancing 
at  the  bubble  just  before  and  after  sighting,  by  the  use  of 
mirrors  on  levels  of  precision,  and  sometimes  by  employing  a 
bubble-tender.  Errors  due  to  the  sun  shining  on  the  instru- 
ment are  avoided  by  shading  the  level  or  working  on  a  cloudy 
day.  The  error  due  to  the  boiling  of  the  atmosphere  is  avoided 
by  suspending  work  during  midday  hours.  Rod  errors  are 
avoided  by  testing  the  rod  graduations,  by  keeping  the  base 
of  the  rod  and  the  abutting  joints  free  from  dirt  and  grit,  by 
examining  the  setting  of  the  target  as  well  as  the  vernier  read- 
ing for  an  extended  rod,  and  when  the  rod  is  closed  by  exam- 
ining the  vernier  reading  to  see  that  it  reads  6.5  ft.  or  7.0  ft., 
not  depending  upon  the  abutting  end  to  bring  it  back  to  place. 
These  last  errors  are  eliminated  altogether  by  using  a  "one- 
piece"  rod — many  surveyors  will  use  no  other  in  important 
work.  The  error  due  to  not  plumbing  the  rod  is  avoided  by 
waving  the  rod,  and  in  precise  work  by  using  an  attachment 
devised  for  that  purpose.  For  an  illustration  of  leveling  in 
which  many  of  the  foregoing  precautions  were  adopted  see 
page  277. 

(c)  Accidental  errors,  such  as  small  errors  in  sighting  and 
errors  resulting  from  small  disturbances  of  the  instrument,  can 
be  reduced  only  by  adjusting  independent  or  related  observa- 
tions. 

354.  Customary  Limits  of  Error.  Probably  in  no  branch 
of  surveying  does  the  law  of  accidental  errors  (that  the  total 
error  will  vary  as  the  square  root  of  the  number  of  observa- 
tions (Art.  71,  p.  45))  accord  more  closely  with  experience  than 
in  leveling.  This  is  because  constant  errors  are  more  easily 
eliminated  and  hence  accidental  errors  are  likely  to  predomi- 
nate, even  in  ordinary  work.  There  are  two  ways  in  which  the 
precision  of  leveling  may  be  judged.  (1)  By  comparing  the 
two  elevations  of  the  same  point  as  found  from  independent 
lines  of  leveling, — the  difference  is  not  an  error  but  a  discrep- 
ancy. (2)  By  the  difference  between  the  assumed  elevation  of 
some  starting-point  and  the  elevation  found  by  completing  a 
circuit,  i.e.,  returning  to  the  same  starting-point.  This  is  a 
true  erroT,  called  the  closing  error  of  leveling. 
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In  either  case  the  total  error  of  a  line  of  levels  may  be  ex- 
pected to  vary  about  as  the  square  root  of  the  number  of  s^ 
ups.  When,  however,  the  number  of  set-ups  per  mile  is  prac- 
tically constant  it  is  more  convenient  to  express  the  error  in 
terms  of  the  distance;  thus, 

Error  in  Feet  =  Constant  v^Distance  in  Miles,  or  ^=C^/M. 
The  value  of  C  will  depend,  of  course,  upon  the  purpose  of 
the  work,  the  period  of  time  in  wiiich  it  must  be  done,  the  ex- 
pense warranted,  and  other  local  conditions.  There  seems  to 
be,  however,  a  more  general  agreement  as  to  the  allowable  error 
in  leveling  than  there  is  in  regard  to  limits  of  error  for  chaining 
or  for  angular  measurements.  The  most  common  value  for  C 
is  0.05.  This  is  for  ordinary  work  where  reasonable  precau- 
tions have  been  taken  to  eliminate  constant  errors,  and  where 
speed  will  average,  say,  two  or  three  miles  per  day,  or  where 
a  single  instrument  duplicates  from  1  to  1}  miles  per  day.  This 
is  the  coeflScient  adopted  by  the  officers  of  the  U.  S.  Geological 
Survey  "after  careful  consideration  of  the  needs  of  the  work 
and  of  the  standards  set  by  other  organizations."     In  precise 

leveling  a  good  average  value  for  C  is  0.02,  and  0.02  ft.  'n/A?  is 
practically  the  limit  adopted  by  the  U.  S.  Geodetic  and  Coast 
Survey  and  the  Mississippi  River  Commission.  Under  favor- 
able conditions  the  error  may  be  kept  within  this  limit  working 
with  a  good  wye-level,  but  it  will  be  necessary  to  adopt  a  method 
of  procedure  somewhat  similar  to  that  used  in  precise  leveling. 
(See  p.  277  for  an  illustration  of  the  precautions  taken  to  attain 

a  degree  of  precision  of  0.02\/M  or  better).  The  maximum 
permissible  error  for  leveling  in  the  Chicago  Sanitary  District 

was  about  0.012  ii.VM. 

Note.  In  an  example  of  raflway  location  the  discre(>andes  between  ele- 
vations obtained  in  the  preliminary  location  and  thoae  obtained  in  the 
final  location  are  given  for  a  number  of  stations  at  varying  distances  apart 
throughout  about  70  miles  of  **66  feet  country."  *  The  average  dllfferenoe 
bet  ween  the  divergence  at  one  point  and  that  at  another  is  stated  as  0.02S 
per  100  stations.  This,  however,  is  misleading  as  the  total  diAcrepaney  at 
any  one  station,  found  from  the  values  given,  if  substituted  for  jB  in  ^=» 

CV  3/,  gives  in  some  cases  a  value  as  high  as  0.17  for  C  with  perhape  an 
average  value  of  about  0.12. 

The  character  of  the  ground  affects  the  precision  of  leveling. 
For  example,  the  degree  of  precision  attained  in  precise  level- 
ing in  India  and  also  in  S\sntzerland  varied  from  about  0.013 

*  Beahan*8  Railway  Location^  p.  106. 
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ft.  for  nealy  level  ground  to  about  0.033  ft.  for  gradients  en- 
tirely between  1  in  20  and  1  in  10,  the  quantity  in  each  case 
being  the  average  discrepancy  per  mile  between  two  observers.* 
Beyond  a  certain  limit  a  small  increase  in  precision  requires 
a  large  increase  of  effort,  and  the  difference  in  precision  between 
ordinary  leveling  and  precise  leveling  is  not  at  all  in  propor- 
tion to  the  difference  in  the  skill  and  care  required. 

The  following  table,  computed  from  the  formula  E=Cy/M, 
gives  the  permissible  error  in  feet  for  different  distances  in  miles 
for  different  coefficients  of  precision. 

Perbossiblb  Errors  in  Lbvelino  for  Dippebent  Coefficients  and 

Different  Distances 


Miles. 

0.05 

0.04 

0.03 

0.02 

0.01 

0.5 

0.035 

0.028 

0.021 

0.014 

0.007 

1 

.050 

.040 

.030 

.023 

.010 

2 

.070 

.056 

.042 

.023 

.014 

3 

.086 

.069 

.052 

.035 

.017 

4 

.100 

.080 

.060 

.040 

.020 

5 

.112 

.089 

.067 

.046 

.022 

6 

.122 

.098 

.073 

.049 

.024 

7 

.132 

.106 

.079 

.053 

.026 

8 

.141 

.113 

.085 

.057 

.028 

9 

.150 

.120 

.090 

.060 

.030 

10 

.158 

.126 

.095 

.063 

.032 

15 

.194 

.155 

.116 

.077 

.039 

23 

.224 

.179 

.134 

.089 

.045 

Illustration  of  the  use  of  tfie  table.  What  discrepancy  between  two  lines 
of  levels  is  permissible  at  the  end  of  four  miles  if  0.05  is  the  adopted  value 
of  C?  Answer  0.1  ft.  What  is  the  permissible  error  of  closure  of  a  cir- 
cuit 6  miles  long  if  0.02  is  the  value  adopted  for  CI     Answer  0.049  ft. 

355.  Instructions  for  Accurate  Leveling.  The  following 
instructions  and  method  of  procedure  were  taken  from  the 
report  on  spirit-leveling  along  the  line  of  the  Barge  and  Canal 
Survey,  by  the  state  engineer  and  surveyor  of  New  York.  A 
wye-level  was  used  of  16 J"  focal  length;  clear  objective  aper- 
ture of  1}  in.;  magnifying  power  35  diameters;  value  of  one 
division  on  the  bubble-tube  7.04  seconds. 

The  instructions  embody  most  of  the  precautions  already 
given  for  eliminating  errors,  and  they  indicate  the  care  re- 
quired to  attain  a  degree  of  precision  of  0.02  V  M  or  better. 

iNSTRtrCTIONS    FOR    LeVELINO 

(1)  All  lines  forward  and  backward  shall  be  run  with  two  rodmen. 

(2)  Each  rodman  shall  keep  separate  notes  of  rod-readings  on  all  turn- 
ing-points and  bench-marks  he  holds  on,  and  compute  the  elevations  of 

♦  See  Baker's  Surveying  Instruments,  p.  283. 
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the  same  wben  furnished  with  the  height  of  instrument  by  the  reeoniec 
Each  rodman,  when  he  receives  the  signal '  'all  right "  from  the  instrument 
man,  shall  at  once  read  the  rod  and  record  the  reading  in  the  book  pro- 
vided. The  recorder  shall  always  read  the  rod  after  the  rodman,  make  the 
necessary  calculations,  and  compare  the  results  with  the  rodman.  If  the 
results  differ,  each  shall  again  read  the  rod  before  comparing  results,  and 
if  the  readings  of  the  rod  differ,  another  setting  of  the  target  shall  be  made 
by  the  instrument  man. 

(3)  Work  must  not  be  attempted  during  high  wind  or  when  the  air  is 
**boiling"  badly.  During  very  hot  weather  an  effort  should  be  made  to 
begin  work  very  early  and  remain  out  late,  rather  than  to  woiic  during 
midday 

(4)  Foresights  and  backsights  should  be  of  equal  length,  and  no  sights 
over  300  ft.  shall  be  taken  unless  unavoidable  circumstances  necessitate 
the  same,  as  in  the  case  of  crossing  rivers  or  deep  ravines.  In  such  cases 
extra  precautions  must  be  taken,  and  the  average  of  repeated  readings  at 
changed  positions  of  rod  and  instrument  taken.* 

(5)  If  it  be  impracticable  to  take  equal  foresights  and  backsights,  as  soon 
as  the  steep  slope  or  river  crossing  is  passed,  enough  unequal  sights  shall 
be  taken  to  make  each  set  balance. 

(6)  Distance  along  railroads  may  be  taken  by  counting  rails;  at  other 
times  stadia  or  pacing  may  be  used. 

(7)  The  instrument  must  always  be  leveled  exactly  before  setting  the 
target.  After  setting  it  and  before  giving  the  signal  "all  right,"  the  bub* 
ble  must  be  examined.  One  rod,  No.  1  or  No.  2,  should  alwajns  be  read 
first,  so  that  one  rod  is  used  as  foresight  first  at  one  set-up  and  as  backsight 
first  at  the  next  set-up.  The  bubble-tender^  shall  always  stand  on  the 
same  side  of  the  level-tube  when  the  reading  Is  made,  moving  aroimd  the 
tripod  as  the  level-tube  is  reversed. 

(8)  The  level  must  be  examined  daily  or  oftener.  if  necessary,  for  ad- 
justment, the  especiallv  important  adjustments  being  the  line  of  colUma- 
tion  and  the  level-bubble. 

(9)  The  steel  pegs  as  furnished  must  be  used  as  turning-points  in  all 
cases.  These  shall  be  driven  firmly  in  the  ground,  and  the  backsight  peg 
shall  not  be  removed  until  the  foresight  reading  is  completed,  and  the 
reccder  and  rod-.nan  have  compared  results  on  the  backsight. 

(10)  Plum bing-level»  must  always  be  used  and  kept  in  adjustment, 
(li)  Bench-marks  or  turning-points  left  at  the  termination  of  work  at 

night,  or  for  rain  or  other  causes,  must  be  selected  with  great  care,  and 
located  in  such  a  manner  that  there  will  be  no  danger  of  their  being  dis- 
turbed or  tampered  with  in  order  that  the  rod  may  again  be  held  on  the 
exact  spot. 

(12)  Permanent  bench-marks  shall  be  clearly  described,  not  only  with 
reference  to  the  nearest  base-line  station,  but  also  to  existing  and  easily 
identified  features  of  the  ground.  A  sketch  shall  be  made  showing  the 
bench-mark  and  the  reference-marks  referred  to. 

(13)  All  circuit  closures  or  checks  by  duplicate  lines  shall  be  distinctly 
noted,  and  a  reference  made  to  check  levels. 

Duplicate  lines  of  levels  shall  be  run  forward  and  backward,  and  the 
error  of  closure  of  the  two  runnings  shall  fall  within 

.020  ft.  ^distance  in  miles  between  benches.f 

or  the  lines  shall  be  re-run. 

Bench-marks  shall  be  established  at  intervals  of  one-half  to  one  mile. 

On  the  Champlain  Canal  a  single  line  shall  be  run  from  the  Erie  (>inal 
to  Whitehall.     The  error  of  closure  with  the  U.  S.  D.  W.  shall  fall  within 

.050  ft. '^distance  in  miles  between  the  benches  or  the  lines  shall  be  re- 
run.J 

The  number  of  men  in  each  party  shall  consist  of  five, — an  instrument 

*  See  p.  243  for  reciprocal  leveling. 

t  -\fter  the  levels  had  been  run  from  Albany  to  Herkimer,  the  results 
were  so  good  that  the  limit  of  error  was  reduced  to 

.013  V  distance  in  miles  between  benches. 

/  See  p.  276  for  the  explanation  of  this  formula. 
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%n,  a  recorder,  two  rodmen,  and  an  umbrella  man.  The  instrument 
list  always  be  shaded  from  the  sun,  both  during  the  set-ups  and  in  moving 
xn  point  to  point. 

Procedure  of  Work 

Starting  from  a  bench  or  turning-point,  the  instrument  man  paced  along 
e  towpath  from  200  to  250  ft.;  and  set  up  the  level,  protecting  it  by  the 
nbrella  or  wind-shield  as  occasion  required. 

Rodman  No.  1  remained  at  the  bench,  and  rodman  No.  2.  starting  at 
le  same  bench,  paced  to  and  beyond  the  instrument  till  he. reached  a 
>int  as  many  paces  beyond  the  instrument  as  the  instrument  was  from 
•d  No.  1,  at  which  point  he  drove  the  steel  pin. 

Having  carefully  leveled  the  instrument,  the  leveler  set  the  target  on  rod 
o.  1  as  a  backsight,  and  then,  avoiding  both  haste  and  delay,  turned  the 
lescope  to  rod  ^^o.  2,  and  set  the  target  as  a  foresight.  The  bubble-tender 
)pt  the  bubble  constantly  in  the  middle  of  the  tube  by  slight  pressure  of 
le  fingers  on  the  leveling-plate  of  the  instrument.  To  balance  errors  due 
t  defective  vision  of  the  bubble-tender,  or  differences  in  the  light  on  the 
ibble,  the  bubble-tender  moved  around  the  tripod  when  the  telescope 
as  turned. 

The  recorder  remained  with  rodman  No.  1  until  both  he  and  the  rod- 
an  had  read,  recorded,  and  checked  the  rod-reading,  when  he  walked 
ipidly  to  rod  No.  2.  checking  the  paced  distances  on  the  way.  The  re- 
>rder  then  read,  recorded,  and  checked  the  reading  of  target  No.  2,  and 
gnaled  **A11  right"  to  the  instrument  man,  who  repeated  the  signal  to 
>dman  No.  1,  when  they  both  moved  forward.  Rodman  No.  1,  going 
)  rod  No.  2,  read,  recorded,  computed,  and  compared  results  with  rod- 
lan  No.  2  and  the  recorder,  the  leveler  having  at  the  same  time  paced  up 
)  point  No.  2  to  check  the  pacing,  and  then  paced  past  point  No.  2  the 
roper  distance  and  set  up  the  instrument.  Rodman  No.  1  paced  up  to 
le  instrument  from  point  No.  2,  and  then  an  equal  distance  beyond  it, 
nd  drove  steel  pin  and  set  target.  Thus  this  alternation  occurred*  On 
rst  set-up  rod  No  1  on  backsight  is  set  first,  and  rod  No.  2  on  foresight  is 
it  last ;  on  second  set-up  rod  No»  1  on  foresight  is  set  first,  and  rod  No.  2 
3  backsight  is  set  last. 


CHAPTER  XXm 

LEVELING— SPECIAL  WORK 

This  chapter  deals  with  methods  of  giving  grade-points  for  earbe,  p»Te* 
ments,  severs,  and  roads;  of  setting  stakes  for  grading  land  areas;  of 
field  work  for  estimating  cut  and  fill  in  ordinary  grading;   and  c^  giviBg 

?jrade-point8  for  vertical  curves.  The  typical  cases  of  special  work  selected 
or  this  chapter  will  suggest  methods  to  be  followed  in  any  work  of  a  simi- 
lar nature  that  is  likely  to  arise  in  the  experience  of  the  young  engineer. 
The  article  on  Setting  Grade-9take8^  p.  258,  should  be  studied  in  connectuA 
with  this  chapter.  

356.  To  Determine  the  Profile  of  a  Street.  Mark  points 
on  the  curbs,  or  drive  stakes,  at  regular  intervals,  close  together 
where  the  grade  is  changing  rapidly,  farther  apart  where  the 
grade  is  uniform,  and  treat  these  points  thus  marked  as  inter- 
mediate stations.  Sometimes  a  profile  of  the  center-line  of  tiie 
street  is  all  that  is  wanted,  but  often  in  addition  the  profiles 
of  curb-lines  and  street-lines  are  also  required.  Elevations 
should  be  taken  at  all  street-comers,  catch-basin  covers, 
bridges,  and  other  points  which  should  appear  upon  the  pro- 
file; also  at  any  abrupt  change  in  the  surface  of  the  ground 
and  at  the  top  and  bottom  of  all  slopes. 

Practical  suggestions.  (1)  Measurements  between  points  may  be  taken 
with  a  tape  or  with  the  stadia;  sometimes  in  rough  work  they  may  be 
paced.  (2)  Bench-marks  should  be  established  at  intervals  of  several 
hundred  feet,  and  at  other  points  where  they  might  prove  useful  (see  p. 
253).  (3)  Usually  the  best  method  is  to  number  points  as  described  on 
p.  254.  Enough  stakes  or  points  on  the  curb  should  have  nunabers  actually 
marked  on  them  to  render  unlikely  anjr  confusion  or  omission  of  points. 
(4)  Don't  split  hairs, — read  the  rod  on  intermediate  points  without  using 
the  target;  often  the  nearest  tenth  will  do.  Why  read  to  hundredths 
when  the  rod  is  resting  on  imeven  or  loose  soil? 

357.  To  Set  Stakes  on  a  Grade  between  Two  Fixed 
Points,  (a)  The  most  general  case  is  when  the  stakes  are  at 
unequal  intervals,  and  when  the  ground  is  too  uneven  to  per- 
mit the  use  of  the  "shooting-in"  method.  The  grade  will  be 
the  hypothenuse  of  a  right-angled  triangle,  the  base  of  which 
is  the  horizontal  distance  between  the  two  fixed  points;  the 
difiference  in  their  elevations  will  be  the  altitude.  By  similar 
triangles  the  elevation  of  any  point  on  the  grade  will  then  be 
proportional  to  the  distance  of  that  point  from  one  of  the 
fixed  points.  The  elevations  of  the  points  having  been  cal- 
culated, the  stakes  may  be  set  as  explained  in  Art.  334,  p.  258. 
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(&)  Illtutratum.    The  elevations  of  two  fixed  points  A  and  B,  360  ft. 

apart,  are  respectively  226.42  ft  and  233.12  ft.     The  finished  grade  is  a 

uniform  sUfpe  between  the  two  points.     It  is  required  to  set  stakes  40  ft.. 

120  ft.,  and  300  ft.  from  A.     The  difference  in  elevation  is  6.7  ft.     Hence 

40 

r^X  6.7  ft.  =  0.74,  and  0.74 +  226. 42  =  227  16 ft. -elevation  at  40ft.  from^. 

«5oU 

In  the  same  way  2.23 +  226.42  =  228.65 » elevation  at  .<1  +  120,  and  5.58  + 
226.42 =232= elevation  at  A +300.  As  a  check  the  difference  in  eleva- 
tion for  the  remaining  60  ft.  is  *X 6.7  =  1.12,  and  232.0+1.12=233.12, 
which  agrees  with  the  elevation  of  B. 

(c)  Practiced  auggeationa.  (1)  See  p.  259  for  suggestions  for  setting 
stakes.  (2)  When  practicable,  set  stakes  at  equal  mtervals  so  that  the 
difference  between  successive  grade-rods  will  be  a  constant.  [See  Art. 
358  (o).] 

{d)  To  shoot  in  a  grade  between  two  fixed  points.  If  the  two 
points  are  not  already  established,  drive  a  stake  to  grade  at 
each  point  by  the  grade-rod  method.  The  next  step  is  to 
establish  a  line  of  sight  at  a  known  distance  above  grade  and 
parallel  to  grade.  Either  the  transit  or  the  level  may  be  used. 
If  the  level  is  used  it  is  best  to  set  it  up  with  one  pair  of  level- 
ing-screws  in  line  with  the  two  given  points,  so  that  these 
screws  can  be  used  for  inclining  the  telescope.  Method  of 
procedure:  (1)  Set  up  near  one  stake,  a  foot  or  so  behind  it. 
(2)  Hold  the  rod  on  the  stake  and  set  the  target  at  the  height 
of  the  center  of  the  object-glass.  (3)  Hold  the  rod  on  the 
second  stake;  incline  the  telescope  until  the  horizontal  hair 
covers  the  center  of  the  target.  This  brings  the  line  of  sight 
parallel  to  grade,  provided  the  height  of  the  object-glass  has 
not  been  changed  appreciably  by  inclining  the  telescope. 
(4)  Hold  the  rod  on  the  first  stake,  and  set  the  target  over 
again  if  the  object-glass  has  been  changed.  (5)  Hold  the  rod 
at  the  second  stake,  change  the  line  of  sight  slightly  if  neces- 
sary, and  establish  a  permanent  foresight  at  the  given  distance 
above  the  •  stake.  (6)  Set  the  intermediate  stakes  without 
changing  the  target.  This  cannot  be  done  if  the  surface  of 
the  grgund  is  very  irregular,  hence  this  method  is  suitable  only 
for  comparatively  uniform  slopes. 

(e)  Note.  When  the  transit  is  used  it  is  often  better  to  set  up  directly 
over  one  of  the  stakes,  and  fix  the  target  at  the  height  of  the  supporting 
axis,  thus  avoiding  the  readjustment  in  inclining  the  telescope.  For  the 
same  reason  some  survey9rs  prefer  to  set  the  level  directly  over  a  stake 
instead  of  a  foot  or  so  behind  it 

(/)  Practical  auggestions.  (1)  Make  sure  that  the  line  of  sight  is  parallel 
to  grade  before  setting  intermediate  stakes,  no  matter  how  many  times  the 
target  must  be  reset, — two  trials  are  usually  sufficient.  (2)  For  a  per- 
manent foresight,  wrap  a  strip  of  paper  about  a  pole,  slip  a  rubber  band 
over  it.  stick  the  pole  behind  the  stake,  move  the  rubber  band  until  it  coin- 
cides with  the  line  of  sight.  Then  any  change  in  the  line  of  sight  which 
may  occur  during  the  setting  of  intermediate  stakes  may  be  readily  de- 
tected and  corrected  by  the  levelman.  (3)  The  error  involved  in  setting 
the  target  opposite  to  the  center  of  the  object-glass,  without  looking 
through  the  telescope,  is  v^ry  small,  often  less  than  that  'wYiicYx  ox^^c^ax^ 
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occurs  in  setting  the  target  at  a  distance  of  300  ft.  or  400  ft.  (4)  If  the 
surface  of  the  ground  is  too  far  above  or  below  the  required  grafie  to  driva 
the  stakes  to  grade,  the  method  can  still  be  used,  provided  all  the  Btakea 
can  be '  driven  some  constant  distance  above  or  below  grade.  (5)  See  p. 
259  for  other  practical  suggestions  for  driving  stakes. 

358.  To  Set  Grade-stakes  for  a  Curb.  A  transit  adjusted 
for  leveling  is  the  best  instrument  for  this  work.  (1)  Find  two 
points  known  to  be  on  the  curb-line,  and  if  the  curb  is  straight, 
Une  in  stakes  at  intervals  of,  say,  25  ft.  to  50  ft.,  driving  each 
stake  a  few  inches  into  the  ground.  (2)  Shoot  in  these  inter- 
mediate stakes  to  grade  if  practicable;  if  not,  figure  the  grade- 
rod  for  each  stake  (see  p.  243).  If  the  grade  is  on  a  vertical 
curve  there  is  no  difference  in  the  field  work, — ^it  is  simply  a 
matter  of  fixing  upon  elevations  at  stated  intervals  (see  p.  289). 

(a)  Grade-rod  method,  illustration.  A  curb  376.1  ft.  long  is  to  be  set 
to  a  2%  grade.  The  lower  end  begins  at  a  point  of  129.64  ft.  elevation. 
Stakes  are  set  on  line  every  50  ft.  The  grade-rod  will  therefore  be  1.0  ft. 
leas  for  each  succeeding  stake  as  the  grade  ascends.  The  3  +  50  stake  a 
26.1  ft.  from  the  end,  so  that  .02  X  26.1  =  0.522  must  be  subtracted  from  the 
grade^rod  used  for  that  stake  to  get  the  grade-rod  for  the  end-stake;  ie., 
if  the  grade-rod  for  the  first  stake  is,  say,  8.94,  for  the  3  +  50  stake  it  is 
1.94,  and  for  the  last  stake  it  is  1.42. 

(b)  Practical  suggestions.  (1)  When  practicable  set  the  instrument  mid- 
way between  the  ends,  and  high  enough  to  control  the  last  or  highest 
stake.  (2)  The  curb-line  may  be  marked  by  tacks  in  the  top  of  the  stakes 
aft^r  the  latter  have  been  set  to  ^ade,  or  the  stakes  may  be  driven  with 
their  edges  on  line.  See  suggestions,  p.  259,  for  setting  stakes.  (3)  In 
resetting  old  curbs  a  stone  may  be  removed  wherever  it  is  desired  to  drive 
a  stake,  or  an  offset-line  may  be  run  on  the  sidewalk,  two  or  three  feet  from 
the  curb-line.  Points  on  this  line  at  intervals  of  about  25  ft.  may  be 
marked  by  spikes  driven  flush  in  the  sidewalk,  or  if  this  be  impracticable, 
by  scratches  on  the  surface.  The  curb-setter  should  be  fumidied  with  a 
memorandum  giving  the  distance  that  each  point  is  above  or  below  the 
grade  of  the  curb  opposite  to  it. 

359.  To  Lay  Out  Grades  for  Pavements.  (1)  Set  stakes 
for  curbs  as  in  the  preceding  article.  After  the  curb  has  been 
set,  mark  points  on  the  face  of  the  curb  where  the  surface  of 
the  pavement  will  strike  the  curb.  These  marks  m^y  be  made 
with  a  chisel  at  intervals  of  from  25  to  50  ft.  A  row  of  stakes 
may  also  be  set  on  the  center-line  of  the  street,  especially  if 
it  is  a  wide  street,  to  indicate  the  top  of  the  crown  of  the  road- 
way. These  stakes  and  the  marks  on  the  curb  are  established 
with  level  and  leveling-rod  by  the  grade-rod  method  or  by  "shoot- 
ing in."  If  it  is  necessary  to  estimate  quantities  before  the 
pavement  Is  laid,  profiles  should  be  made  of  the  center-line 
and  of  the  gutter-lines,  and  also  in  many  cases  of  the  sidewalk 
lines  and  property  lines.  The  engineer  often  niarks  out  the 
templet  used  in  laying  a  pavement.  Unless  the  street  is 
very  wide  this  templet  corresponds  to  one  half  of  the  eross- 
eection;  its  lower  edge  is  an  arc  of  a  vertical  circle  or  par- 
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abola  starting  from  the  gutter-line  and  rising  to  the  center  of 
the  street  to  give  a  proper  crown  to  the  pavement. 

350.  To  Qive  Grades  for  a  Sewer.  The  center-line  of  the 
trench  is  first  staked  out  on  the  ground.  As  soon  as  a  portion 
of  the  trench  is  well  under  way,  have  the  contractor  set  planks 
about  two  inches  thick  on  edge  across  the  trench  at  intervals  of 
about  25  or  30  ft.,  the  ends  sunken  into  the  banks  flush  with 
the  ground  surface.  Nail  upright  strips  (grade-slats)  about  two 
inches  wide  to  the  plank  so  that  a  line  along  the  edges  of  the 
strips  will  be  directly  over  the  center  of  the  sewer.  The  transit 
used  for  Uning  in  the  strips  may  now  be  used  for  '*  shooting 
in"  the  grade,  or  the  grade-rod  method  may  be  apphed.  The 
grade  is  marked  on  the  uprights,  either  by  driving  a  nail  hori- 
zontally into  the  edge  of  each  "slat,"  or  by  cutting  a  notch. 
The  nails  should  be  driven  only  part  way  in,  so  that  by  sight- 
ing along  the  nails  any  error  may  be  detected  by  the  eye.  The 
nails  or  notches  on  the  uprights  are  usually  placed  a  whole 
number  of  feet  above  the  flow-line  of  the  sewer  (the  lowest 
line  along  the  inside  surface  of  the  sewer).  This  holds  good 
for  pipes  as  well  as  for  built  sewers. 

(a)  Practical  tugaeatixma.  (1)  Grades  should  be  given  to  the  near- 
est hundredth  of  a  foot,  and  the  flatter  the  grade  the  more  accurately  the 
sewer  should  be  laid.  (2)  When  the  ground  is  very  uneven  it  niay  be 
necessary  to  set  the  nails  or  notches  at  uneoual  distances  above  the  now- 
line,  but  the  distance  for  each  notch  should  be  some  whx}le  number  of  feet. 
It  is  well  to  mark  a  * 'crow-foot"  on  each  grade-slat,  with  the  apex  at  the 
nail  or  notch,  and  the  amount  of  cut  marked  between  the  lines.  (3)  When 
nails  or  notches  are  a  constant  distance  above  grade  and  one  is  set  by 
mistake  far  enough  above  or  below  the  others  to  affect  construction,  the 
error  will  be  apparent  to  the  eye — hence  form  the  habit  of  sighting  fre- 
quently along  the  nails  or  notches.  (4)  The  planks  may  be  disturbed 
by  blasting,  or  the  uprights  themselves  be  knocked  out,  especially 
if  a  cable  trenching-machine  is  used.  For  this  reason,  if  for  no  other, 
bench-marks  should  be  established  near  the  end  of  each  stretch,  or  at  dis- 
tances not  exceeding,  say,  400  ft.  (5)  A  straight,  stiff  grade-pole  should 
be  made  for  the  use  of  the  contractor  and  inspector,  say  of  2"X2"  pine, 
with  a  bracket  at  the  bottom  extending  at  right  angles  to  the  pole.  Meas- 
uring from  the  bottom  of  the  bracket,  cut  grooves  to  mark  each  foct. 
These  grooves  should  be  accurately  cut  across  the  face  of  the  pole  so  that 
when  the  cord  is  stretched  between  the  nails  or  notches  on  the  uprights 
any  groove  may  be  fitted  to  the  cord  at  any  point,  thus  making  the  bot- 
tom of  the  bracket  the  corresponding  number  of  even  feet  below  the  cord. 
(6)  To  avoid  mistakes,  work  in  one  direction,  say  from  down  hill  up  hill, 
so  that  the  target  will  always  be  moved  downward  at  each  new  setting. 
<7)  As  sewers  are  usually  laid  in  streets,  it  is  easier  to  measure  the  dis- 
tances between  grade-slats  along  the  surface  of  the  ground,  and  find  the 
proportion  of  the  total  rise  or  fall  for  each  of  these  distances.  (See  (2).  p. 
286.)  The  per  cent,  for  grade  thus  found  does  not  accord  with  the  definition 
in  Art.  310  (a),  p.  243,  but  the  diflference,  numerically,  Is  small.  On  rough 
uneven  ground  or  very  steep  slopes  it  may  be  more  convenient  to  measure 
between  grade-slats  by  horizontal  stretches,  as  in  ordinary  chaining,  al- 
though a  final  "O.  K."  measurement  should  be  made  parallel  to  the  sewer, 
since  the  contractor  will  be  paid  for  the  length  of  sewer  as  thus  measured, 
and  not  for  its  horizontal  projection. 
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(6)  lUfutration.  (See  field  notes  for  Albany  Ave.  sewer,  pp.  284,2e>o.) 
Data.  The  blue-print  called  for  the  following  flow-line  elevations:  At 
the  center  of  the  manhole  (or  Sta.  0),  £1.-45.62  ft.;  at  966  H.  upsUvam 
(or  Sta.  2  +  68),  EL  — 46.96  ft.;  a  straight  grade  between  these  two  points 
or  a  rise  of  46.96- 45.62 « 1.34  ft.  in  268  ft.,  or,  approadnuitely,  a  OJb% 
grade  (for  1.34->-2.68  — 0.5).  An  outline  of  the  di£ferent  steps  tnat  were 
taken  in  giving  the  grade  is  as  follows: 

(1)  The  contractor  set  planks  on  edge  across  the  trench,  at  intervals 
of  about  30  ft.  The  engineer  Hned  in  the  uprights  or  grade-slata.  As  a 
slat  could  not  be  set  over  the  manhole  at  Sta.  0,  one  was  set  directly  back 
of  it  (-1.3  ft.). 

(2)  Measured  the  partial  distances  between  slats,  25.16.  30.01,  29.99, 
etc.,  and  entered  these  distances  in  column  1,  written  in  Ennall  figures  just 
below  the  ruled  lines.  As  the  grade  of  the  street  was  sliglit,  these  dis> 
tances  were  measured  along  the  surface. 

(3)  Added  each  partial  distance  to  the  number  of  the  preceding  station 
to  get  the  number  of  the  station  at  the  succeeding  grade-slat,  thus:  (0)+ 
25.16  =  Sta.  0  +  25.16;  (0  +  25. 16) +  30.01  =  Sta.  0  +  55.17;  (0+56.17)+ 
29.99 » Sta.  0  +  85.16,  and  so  on,  thus  comj)leting  column  1.  Obeer%-ed 
that  the  last  station  checked,  very  closely,  with  the  total  distance. 

(4)  Multiphed  each  partial  distance  by  0.5  (per  cent.)  and  put  the.  re- 
sults in  column  5,  written  in  small  figures  just  below  the  ruled  lines,  thus: 
25.16X0.5  =  0.126;   30.01X0.5  =  0.150,  and  soon. 

(5)  Starting  with  the  known  elevation  of  ^5.62  for  Sta.  0,  found  the 
elevation  of  the  flow-line  at  each  station  by  adding  to  the  elevation  of  the 
preceding  station  the  quantity  in  small  figures  just  below,  thus:  45.62+ 
0.126  =  45.746;  45.746  +  0.150  =  45.896,  and  so  on.  Noticed  that  46.96. 
the  elevation  thus  obtained  for  Sta.  2  +  68.34,  checked  with  the  elevation 
called  for  on  the  blue- print  for  that  station.     This  con'plctes  column  6. 

(6)  Backsighted  on  a  bench-mark  to  get  H.I.  For  convenience,  55.610. 
the  elevation  of  the  B.M.,  and  3.207,  the  B.S.,  were  both  recorded  in  the 
second  column.     Recorded  58.817  (their  sum)  in  the  third  column. 

(7)  Subtracted  each  of  the  calculated  elevations  in  column  5  from  B.I.' 
to  get  the  grade-rod  and  entered  the  results  in  the  fourth  column,  the 
whole  number  of  feet  at  the  top  of  the  space,  the  decin  al  part  on  the 
ruled  hne,  thus:  58.817-45.746=13.071;  58.817-45.896-12.921,  and 
so  on. 

(8)  Found,  by  trial,  that  it  would  be  most  converient  to  cut  the  notches 
on  the  grade-slats  10  ft.  above  the  flow-line,  hence  each  grade-rod  was 
reduced  by  10  ft.,  giving  "field-rods"  of  3.071,  2.921,  etc.,  thus  com- 
pleting column  4. 

(9)  The  notch  on  each  grade-slat  was  then  ci't,  a  "crow-foot**  marked 
on  the  slat  with  its  point  at  the  notch,  and  "10"  nrarked  between  the 
lines  of  the  crow-foot.  As  the  work  progressed,  the  last  column  was  filled 
out.  Opposite  .Sta.  0  +  25.16,  for  exanple,  there  are  three  quantities 
recorded,  i.e.,  10  ft.,  the  difference  between  the  grade-rod  and  field-rod. 
or  the  distance  of  the  notch  on  the  slat  above  fow-line;  0.7  ft.,  the  dis- 
tance of  the  notch  above  the  ground,  and  9.3  ft.  (or  10  —  0.7),  the  actual 
cut  at  that  station.  This  column  shows  the  actual  depth  of  earth  which 
the  contractor  has  to  remove;  it  is  also  irseful  in  plotting  the  profile  of 
the  finished  sewer. 

<^10)  Finally,  measurements  were  taken  hetween  rotches,  skipping  eveiy 
other  slat  so  as  to  make  each  measurement  cover  two  intervals.  These 
measurements  of  55.15,  60.03,  etc.,  in  column  2,  were  added  up.  and  their 
suTi  or  the  **0.  K."  measurement  was  compared  with  the  length  obtained 
in  the  first  column  from  the  partial  measurements.  .As  might  oe  exfeeted. 
it  was  slightly  shorter.  The  contractor  is  paid  for  the  length  of  eewer  as 
thus  measured,  i.e.,  as  measured  parallel  to  grade. 

(11)  Explanatory  notes  and  records  of  various  underground  structures 
and  rock  measurements  were  put  on  the  right-hand  page.  Thus,  for  ex- 
ample, rock  in  the  trench  began  at  Sta.  0  +  57,  10  ft.  down,  measured 
from  the  cord  stretched  between  notches  on  the  grade-slats;  at  Pta.  0+60 
the  top  of  the  rock  was  9.3  ft.  below  the  cord;  at  Sta.  0+63,  8.5  ft.  below, 
and  so  on.  The  direction  of  the  12"  water-main  is  given  by  offsets  from 
the  center-line  of  sewer;  thus  at  Sta.  1+88  the  offset  is  3.1  ft ,  at  1+82  it 
is  0.8  ft  ,  and  at  1  +73.5  it  crosses  the  center-line,  with  its  top  4  ft.  below 
the  cord  stretched  between  notches  on  the  grade-slats. 

(c)  lUustration.     (See  notes  for  Newhall  St.  tile  sewer.)     The  first  and 
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seeond  columns  correspond  to  the  first  and  fourth  columns,  respectively,  of 
the  preceding  illustration.  The  third  column  is  the  "  height  above  grade" 
of  the  notches  or  nails  in  the  slats  and  corresponds  to  the  first  part  of  the 
last  column  in  the  preceding  illustration.  The  foiulh  column  contains  the 
* 'elevation  of  grade  points"  or  actual  elevations  of  the  notches  or  nails. 
The  fifth  column  gives  the  field-rods.  The  third  and  fifth  columns  are  com- 
bined in  column  4  in  the  preceding  illustration. 

(d)  Suggestions,  (1)  The  heading  of  the  notes  for  sewers 
should  give:  name  of  street;  size  of  sewer  and  material;  rate 
of  grade  and  date.  (2)  Manholes  and  other  important  points 
should  be  referenced,  and  notes  made  of  curves,  house-connec- 
tions, and  bends,  as  illustrated  on  p.  285. 

361.*ToGive  Elevations  for  a  Line  of  Shafting.  The 
controlling  points,  say  at  each  hanger,  must  be  hned  in  first, 
hence  the  transit  used  for  that  purpose  may  also  be  used  for 
leveling.  The  elevations  of  the  controlling  points  may  be 
established  by  the  grade-rod  method  in  the  usual  way.  Since 
the  points  are  usually  above  the  instrument,  minus  grade-rods 
must  be  used,  and  hence  it  will  be  more  convenient,  although 
by  no  means  necessary,  to  hold  the  rod  upside  down.  A 
bench-mark  should  be  established  from  which  all  elevations 
may  be  obtained. 

lUtutration.  The  elevation  of  the  line  of  shafting  at  some  hanger-point 
is  to  be,  say,  12  ft.  The  height  of  instrument  is,  say,  5  ft.  Then  5—  12=» 
—  7  ft.  is  the  grade-rod,  i.e.,  the  required  point  is  7  ft.  above  instead  of 
below  the  line  of  sight.  Set  the  target  at  7  ft.,  and  hold  the  rod  upside 
down.  The  base  of  the  rod  will  then  be  7  ft.  above  the  line  of  sight  and 
hence  will  give  the  required  point. 

362.  To  Estimate  Cut  and  Fill  for  Grading  Divide 
the  area  to  be  graded  into  squares,  as  in  Fig.  468,  p.  432.  Find 
the  elevation  of  the  ground  at  the  comer  of  each  square,  as  in 
profile  leveling,  and  calculate  the  cut  or  fill  according  to  the 
method  explained  in  Part  II.  Borrow-pits  may  be  staked  out 
and  the  contents  estimated  by  this  method. 

Practical   tuagettwns.     (1)  Establish    one    or  more    permanent   bench- 
marks, according  to  the  size  of  the  plot.     (2)  Make  the  squares  as  large 
as  possible,  and  yet  have  the  surface  of  the  groimd  in  any  one  square  ap- 
proximately a  plane.     The  more  uniform  the  surface  the  larger  the  squares; 
very  rough  ground,  small  squares.     (3)  Take  extra  rod-readings  to  cover 
hollows  and  mounds  within  a  square,  which  otherwise  would  cause  appre- 
ciable errors  in  results.     (4)  Chain-pins  can  be  used  to  mark  comers,  but 
stakes  are  better,  for  the  number  or  letter  corresponding  to  the  corner  may 
then  be  marked  on  the  stake.     (5)   Use  some  system  of  marking  corners 
like  that  shown  in  Fig.  402  (c),  p.  341.     (6)  It  is  often  accurate  enough  to 
line  in  stakes  by^  eye,  measuring  the  distances  between  with  a  tape,  or 
sometimes  by  pacing.     Another  method  is  to  lay  a  tape  on  the  ground  first 
along  one  line  of  corners  and  then  along  another  line;  the  rod  is  held  at 
every  10-ft.  point  or  20-ft.  point,  or  whatever  the  proper  interval  may  be 
and  thus  the  use  of  stakes  or  chain-pins  is  avoided. 

363.  To  Set  Stakes  for  Grading  Land.  Divide  the  plot 
into  squares,  drive  a  stake  a  few  inches  into  the  ground  &t  tV\& 
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comer  of  each  square,  and  mark  each  stake  according  to  some 
system  like  that  shown  in  Fig.  402  (c) ,  p.  341.  If  the  cut  and  fill 
is  to  be  estimated  before  the  stakes  are  set  to  grade,  the  ele- 
vation of  the  ground  at  each  stake  is  foimd  in  the  usual  manner, 
and  the  computations  made  as  explained  on  pp.  42&-434.  When 
the  finished  grade  has  been  decided  upon,  it  remains  to  drive 
each  stake  either  by  using  a  grade-rod  or  by  ^'shooting  in" 
the  grade.  There  are  three  general  cases,  according  to  whether 
the  fim'shed  grade  is  (1)  to  be  level,  (2)  to  slope  in  one  direction, 
or  (3)  to  slope  in  two  directions. 

Remark.  In  each  of  the  three  cases  it  will  be  assumed  for  puifMses  of 
explanation  that  the  surface  of  the  ground  is  such  that  all  stakes  can  be 
driven  to  grade.  When,  as  is  usuaUy  the  case,  this  cannot  be  done,  the 
customary  method  is  to  drive  temporary  stakes  marked  with  the  eat  or 
fill  mea,sured  from  the  existing  surface.  (See  (5),  p.  259.)  When  the  rough 
grading  is  completed,  the  final  set  of  stakes  may  be  driven  with  tops  to 
grade  (see  (1),  p.  258),  or  with  tops,  say,  one  foot  above  grade  (see  (2^, 
p.  258),  or  with  lines  marked  on  the  stakes  (see  (3),  p.  258).  Occasionally 
It  will  be  necessary  to  set  stakes  once  for  all  before  grading  is  begun,  and 
to  use  different  "field -rods"  for  different  stakes.  (See  illustration  (6), 
p.  259.) 

(a)  Case  /.  To  set  stakes  so  that  the  finished  grade  will  he 
level.  It  is  required  to  grade  to  an  elevation  of  100  ft.  (actual 
or  assumed).  (1)  Set  up  the  level  and  find  H.L  Say  it  is 
106.45.  (2)  Set  the  target  at  the  grade-rod,  in  this  case  6.45. 
(3)  If  the  ground  is  already  nearly  level  it  may  be  possible  to 
drive  all  stakes  to  grade,  using  this  grade-rod,  or,  if  more  than 
one  set-up  is  required,  by  figuring  a  new  grade-rod  for  each 
new  set-up  of  the  level. 

(6)  Case  II.  To  set  stakes  so  that  the  finished  grade  wiU  elope 
in  one  direction  only.  In  this  case  it  is  best  to  set  the  lines  of 
stakes  parallel  to  the  direction  of  the  slope.  Then  each  line 
may  be  set  in  a  manner  similar  to  that  exp^iiined  for  setting 
curb-stakes  (p.  282).  A  quick  method,  when  the  surface  of  the 
ground  is  fairly  even,  is  to  "shoot  in"  one  row  of  stakes  in  the 
direction  of  the  slope,  and  then  set  the  cross-rows  at  right 
angles,  with  all  the  stakes  in  any  one  row  at  the  same  elevation. 
In  rough  ground  it  is  usually  necessary  to  set  stakes  by  the  use 
of  "field"  grade-rods,  as  explained  above. 

(c)  Case  III,  To  set  stakes  so  that  the  finished  grade  will  elope 
in  two  directions.  In  this  case,  if  the  two  directions  of  slopes 
are  at  right  angles  to  each  other,  the  work  is  similar  to  the.  pre- 
ceding case,  the  stakes  in  one  direction  being  set  parallel  to  the 
slope  in  that  direction;  the  cross-lines  in  the  other  direction 
jw'JI  then  be  parallel  to  the  other  slope.    When  the  groimd  is 
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nearly  at  the  required  grade,  a  quick  way  is  to  calculate  the 
elevations  of  the  four  corner-stakes,  set  these  stakes,  ''shoot 
in"  the  outside  rows,  and  then  "shoot  in"  the  intermediate 
stakes  of  each  row  from  the  two  extreme  stakes  in  that  row. 
If,  however,  the  ground  is  too  uneven  to  set  the  stakes  without 
using  different  grade-rods,  it  then  becomes  necessary  to  calcu- 
late the  elevation  of  the  finished  grade  at  each  stake,  and  fronts 
these  elevations  find  the  grade-rod  to  use  for  each  stake,  as  in 
the  preceding  illustration. 

When  the  two  directions  of  slope  are  not  at  right  angles  to 
each  other,  the  problem  is  somewhat  more  complicated.  As  a 
general  rule,  several  points  may  be  chosen  to  be  used  as  con- 
trolling points.  The  elevations  of  these  points  having  been 
determined,  by  calculation  or  by  some  other  method,  stakes 
may  be  set  on  a  straight  line  between  any  two  controlling 
points  in  the  usual  manner.  Controlling  points  should  be 
selected  with  a  view  of  simplifying  the  work  of  calculation  as 
well  as  the  actual  field  work. 

364.  To  Stake  Out  a  Vertical  Curve.  Once  the  elevations 
of  points  on  the  curve  are  known,  the  work  of  setting  stakes 
does  not  differ  from  any  of  the  work  already  explained  in 
which  the  grade-rod  method  is  used.  The  elevations  on  the 
curve  are  usually  taken  at  regular  intervals,  and  may  be  de- 
termined in  two  ways:  (1)  by  calculation,  and  (2)  by  plotting 
the  curve  and  scaling  the  ordinates  (elevations).  If  the  latter 
method  is  used,  the  vertical  scale  is  usually  much  greater  than 
the  horizontal  scale, — large  enough  so  that  ordinates  may  be 
scaled  to  the  limit  of  error  fixed  upon  for  setting  stakes.  In 
case  this  limit  of  error  is  very  small,  it  is  usually  necessary  to 
calculate  elevations.  The  parabola  is  often  used  for  vertical 
curves,  because  (1)  it  is  well  adapted  for  a  gradual  and  easy 
change  from  an  up  grade  to  a  down  grade,  or  vice  versa,  and 
(2)  the  calculation  of  elevations  is  very  simple. 

(o)   TO  CALCULATE  THE  ELEVATIONS  OF  POINTS  ON  A  VERTICAL 

PARABOLA 

Let  7  be  the  point  of  intersection  of  an  up  grade  AI  with  a 
down  grade  IB,  Let  d=the  distance  between  stations,  and  let 
A  be  n  stations  on  one  side  of  /,  and  B  be  n  stations  on  the  other 
side,  i.e.,  AE'  =  E'B\  and  hence  AE  =  EB.  Let  g  represent  the 
rise  of  A 7  per  d  it.,  and  g^  the  fall  of  IB  per  d  ft.  These  two 
grades  may  be  unequal.  Required :  To  find  the  eleveAiow  c>i  ^Sxv\.% 
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on  a  vertical  parabola  passing  through  A  and  B^  tangent  to  AI  and 
BI,  There  are  two  methods :  (1 )  To  calculate  tangent  corrections 
yi>  2/2,  ys,  etc:,  at  regular  intervals;  this  corresponds  to  tangent 
offsets  for  circular  curves  (p.  207).  (2)  To  find  the  chord  gra- 
dients for  successive  chords.  Since  AE=EB,  IE  is  a  diameter 
of  the  parabola,  and  the  distances  of  the  curve  in  a  vertical 
direction  from  stations  on  the  tangent  A I  are  as  the  squares  of 
the  number  of  stations,  or  if  x  =  the  number  of  stations  and  €=> 
a  constant,  y^x^c,  (From  analytic  geometry.)  It  can  be 
shown  that 
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Fig.  364  (a). 


I.  First  method,  tangent 
deflections 

d  ft.  from  A  or  P.C.  yi  =  c 
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y2=4c 

t/^=16c 
yv=N^c 


II.  Second  method,  stiCC^MtVK 
chord  gradients 

First  ehord  gradient  ^g—c 
Second^'  ''       =g-^c 

Third    ''  ''       ^g-hc 

Fourth''  ''       =g-7c 

Nth      ''  ''       =^_(2iV-l)c 

Itemark.  The  plus  sign  may  be  given  to  an  a8cendin|:  grade  and  a 
minus  sign  to  a  descending  grade.  If  strict  attention  is  paid  to  algebraic 
signs  in  determining  the  value  of  c,  the  above  formulas  hold  good  for  all 
six  possible  combinations  of  grades,  including  the  cases  when  both  grades 
are  rising  or  both  falling. 

(6)  Elevations  of  special  points.  The  elevation  of  a  point  be- 
tween stations  may  be  found  by  treating  the  distance  of  the 
point  from  the  preceding  station  as  a  decimal  part  of  d,  (See 
remark,  p.  292.) 

The  elevation  of  /  is  the  elevation  of  P,C,  plus  ng.  The  ele- 
vation  of  P,T,  is  the  elevation  of  /  plus  ng^. 
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The  elevation  of  the  point  on  the  curve  directly  above  or 
below  /  may  be  found  by  adding  algebraically  n^c  to  the  mean 
of  the  elevations  of  P,C.  and  P.T, 

Field  Work  of  btakino  out  a  Vbrtical  Parabola 

ic)  Method  of  procedure  for  tangent  corrections, 
1)  Calculate  c  from  formula  (1),  p.  290,  being  careful  to  give 
to  g  and  g'  their  correct  algebraic  signs.     (See  remark,  p.  290.) 

(2)  Calculate  the  uncorrected  elevation  of  each  station  as  if 
it  were  on  the  given  grade  through  P.C.  by  adding  g  algebraically 
to  the  elevation  of  the  preceding  station. 

(3)  Calculate  the  tangent  corrections  t/i,  t/2y  ys,  etc. 

(4)  Subtract  algebraically  the  values  of  yi,  2/2,  y»,  etc.,  found 
in  (3)  from  the  corresponding  uncorrected  elevations  found  in 
(2).     This  gives  the  actual  elevations  of  points  on  the  curve. 

(5)  Set  stakes  for  the  various  points  by  the  grade-rod  method 
(pp.  243,  258-259). 

(d)  Method  of  procedure  for  chord  gradients. 

(1)  Calculate  c  as  in  the  preceding  method. 

(2)  Calculate  the  gradient  for  each  chord  by  subtracting  2c 
algebraically  from  the  gradient  of  the  preceding  chord.  C^he 
gradient  of  the  first  chord  is  (g—c).    See  p.  290.) 

(3)  Beginning  with  the  elevation  of  P.  C.,  add  algebraically  the 
gradient  of  each  chord  to  the  elevation  of  the  station  at  the 
beginning  of  the  chord  to  find  the  elevation  of  the  station  at 
the  end  of  the  chord. 

(4)  Set  stakes  for  the  various  points  by  the  grade-rod  method. 

(e)  Methods  compared.  The  method  of  chord  gradients  is 
preferable  to  the  other,  since  it  involves  not  only  less  arithmet- 
ical work,  but  if  the  elevation  of  P.T.  comes  out  correct,  it  is 

a  check  on  all  of  the  calculations. 

(/)  IlluBtraiion.  A  grade  ascending  at  the  rate  of  1  ft.  per  100  ft.  is  to 
be  connected  by  a  parabola  with  a  grade  descending  at  the  rate  of  3  ft. 
per  100.     Stakes  are  to  be  Eet  100  ft.  apart.     P.C.  and  P.T   are  each  to 

be  200  ft.  from  /.     Then  d-100,  g=\,  a'-=(-3);n-2,  and  c=^~^""^^  - 

+  0.5.     Suppose  the  elevation  of  P.C.  is  128.16,  then  the  following  table 
will  illustrate  the  two  methods. 


By  Tangent  Correctionb 
stake    "rT^i    .-x»c  ^^^^ 


P.C. 


elevation 

128.16   -   0.0   «=    128.16 
+  1.0 


129.16 
+  1.0 

130.16 
+  1.0 

131.16 
+  1.0 


-  0.5 

-  2.0 


128.66 


128.16 


-   4.5   -    126.66 


Line 
—  to  P.C. 

PC.  to  I 

1  to  2 

2  to  3 


Bt  Gradients 

Gradient 

1.0 
+0.5 

ff-  c  -  +0.5 
+  1.0 

- 

^— 3c—  —0.5 
+  1.0 

-1.5 
+  1.0 


Corrected 
elevation 

128.16 
+  0.5 

« 128.66 
-0.50 

-128.16 
-1.5 


g~5c> 


P.T.      132.16  -  80 


124.16 


3    •=126.66 

-2.5 

I  3  to  P.T.        ^-7c-  -2.5    P.r.- 124.16 
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Check,  From  (5)  the  El.  of  7-128.16+2X1  =  130.16.  EL  of  P.r.- 
130.16 +2 X( -3)  =  124.16  (check).  El.  of  curve  at  a  point  below  /  is 
(128.16+124.16)  +  2  +  22X0.6- 126.16+2.0-128.16  (check). 

Remark,  The  elevation  of  any  substation  say  140  ft.  from  P.C.  (1.4 
stations)  =  128.16  +  1.4g-  (1.4)2c  =  129.56-0.98  =  128.58. 

Both  grades  ascending  or  both  descending.     Method  still  holds  good. 

Exercise,  Find  the  corrected  elevations  in  the  above  illustration  when 
i/  is  +3.     (The  elevation  of  P.T.  should  come  out  136.16.) 

(g)  To  make  the  vertical  parabola  connecting  two  grades  pa^s 
through  a  point  cU  a  given  distance  above  or  below  I,     From  p.  290 

c=»— g"  .     Hence  y  for  a  point  above  or  below  /  (i.e.,  n 

stakes  from  P.C.)  is  given  by  y=    ^    ^ 

(1)  Substitute  for  y  the  amount  the  curve  must  pass  above 
or  below  /,  insert  values  for  g  and  /,  and  solve  for  n.  (2)  Find 
c  and  proceed  as  usual. 

Illustration.  A  grade  descending  at  the  rate  of  2.0  ft.  per  100  ft.  is  to 
be  connected  with  a  grade  ascending  at  the  rate  of  3.6  ft.  per  100  ft.  by 
a  vertical  parabola.  The  curve  must  pass  through  a  point  1.4  above  /. 
Stakes  must  be  set  at  25  ft.  intervals.  g=  —2  ft.  per  100  ft.—  —0.6  ft. 
per  25  ft.     (/  =  +3.6  ft.  per  100  ft.  =  +0.9  ft.  per  25  ft. 

By  the  conditions  y  =  1.4,  hence  1.4—^^^ '- ^,  and  n— 4.     Henoe 


-0.5-0.9 


=•  -  0.0875.     Supp6se  that  the  elevation  of  P.C,  =  08.6. 


4X4 

By  Tangent  Corrections 

Uncor- 
Stake     rected 
elevation 

0.0 


y^'x^c 


CJorrected 
elevation 


P.C 


4 


6 


98.6 
-0.5 

98.1 
-0.5 

97.6 

97.1 
-0.5 

96.6 
-0.5 

96.1 
-0.5 

95.6 
-0.5 

95.1 
-0.5 


98.6 


-  -0.0876  -     98.1875 

-  -0.35       =     97.95 


-    -0.7876   =     97.8875 


-    -1.4         -     98.0 


-    -2.1875 


98.2876 


-    -3.15       -     98.75 


-    -4.2875 


99.3875 


Bt  Gradients 
Line 
—  to  P.C. 


«"""«"'  ^'^^ 


-0.5  98.6 

-0.0876  -0.4125 

P.C.  to  1       -0.4125  98.1875 

-0.1750  -0.2375 

1  to  2         -0.2375  97.9500 

-0.1750  -0.0625 

2  to  3         -0.0625  97.8875 

-0.1760  +0.1125 

3  to  4         +0.1125  98.0000 

-0.1750  +0.2875 

4  to  6         +0.2876  98.2876 

-0.1750  +0.4625 

6  to  6         +0.4626  98.7600 

-0.1750  -»- 0.6375 

6  to  7         +0.6375  903875 

-0.1750  +0.8125 

7  to  8         +0.8125  100.2000 


P.T       94.6   -    -5.6         =   100.2 

Cheek.  El.  of  7  =  98.6+ X4(- 0.5)  =  96.6.  El.  of  P.T*.  =96.6 +  4X0.9 - 
100.2  (check).  The  elevation  of  a  point  on  the  curve  above  /  is  (98.6+ 
100.2)+2  +  42X  -0.0875  =  99.4+ (-1.4)  =  98.0  (check).    (See  also  p.  36a) 

(h)  When  the  rate  of  change  c  and  the  two  grades  g  and  g'  are 

given.     The  first  step  is  to  find  n  from  w=^-j--.    Then  proceed 

as  in  the  other  cases  already  illustrated.     (Sec  books  on  Rail- 
w&y  Curves  for  other  special  cases.) 


CHAPTER  XXIV 
COMPASS  SURVEYING 

SxNCS  the  theory  of  transit  surveying  already  explained  includes  prac- 
tically all  of  the  theory  of  compass  surveying,  it  is  necessary  in  this  chapter 
to  give  only  a  few  additional  directions  and  suggestions  for  the  use  of 
the  compass.  The  first  part  of  Chapter  XI,  which  deals  with  the  subject 
of  bearings,  should  be  studied  in  connection  with  this  chapter. 


365.  Compass  Surveytog.  The  transit  has  taken  the  place 
of  the  surveyor's  compass  to  such  an  extent  that  now  the  latter 
is  used  for  rough  work  only,  where  speed  and  not  accuracy  is 
the  first  requirement.  For  such  work  the  compass  is  a  very 
useful  instrument,  and  surprisingly  good  results  may  often  be 
obtained  with  it.  The  positions  of  any  two  points  with  respect 
to  each  other  are  determined  by  the  bearing  and  the  length  of  the 
line  between  them,  and  this  is  the  basis  of  compass  surveying. 
The  angle  between  two  lines  may  be  calculated  easily  if  the 
bearing  of  each  line  is  known.  (See  chapter  on  Calculation  of 
Bearings.)  The  clumsy  and  inaccurate  chain  formerly  used  in 
compass  surveying  is  being  gradually  replaced  by  the  steel 
chain-tape.     (See  remark,  p.  33.) 

The  objections  to  the  use  of  the  compass  are:  (1)  Under  the 
most  favorable  conditions  bearings  cannot  be  read  with  any 
degree  of  certainty  closer  than  five  or  ten  minutes.  (2)  The 
needle  is  unreliable,  and  under  certain  conditions,  as  for  exam- 
ple in  city  surveying,  local  attraction  may  render  it  practically 
useless. 

The  advantages  are:  (1)  The  compass  is  light  and  portable; 
and  while  it  is  less  accurate  than  the  transit,  it  requires  much 
less  time  for  setting  up,  sighting,  and  reading.  (2)  An  error 
in  the  direction  of  one  line  does  not,  necessarily,  affect  other 
lines  of  the  survey.  (3)  The  compass  is  especially  adapted  to 
running  straight  lines  through  woods  and  other  places  where 
obstacles  are  likely  to  interfere  with  the  line  of  sight.  Thus, 
for  example,  when  a  foresight  strikes  a  tree  the  instrument  may 
be  set  up  beyond  it  at  a  point,  found  by  trial,  such  that  the 
backsight  on  the  tree  will  have  the  same  bearing  as  the  fore- 
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sight.  (4)  Since  the  compass  was  the  instrument  in  general 
use  before  the  introduction  of  the  theodolite  and  the  transit, 
it  is  especially  adapted  to  retracing  old  surveys. 

366.  Use  of  the  Compass.  Practical  suggestions.  (1)  Set 
up  over  the  station  and  level  up.  If  the  instrument  is  fitted 
with  a  ball-spindle  only,  it  is  made  level  by  grasping  the  main 
plate  near  the  compass-box — ^not  near  the  sight-vanes — and 
moving  it  imtil  both  bubbles  come  to  position,  where  it  is  held 
by  friction  on  the  ball.  If  there  are  leveUng-screws,  the  instru- 
ment is  made  approximately  level  on  the  ball  and  the  leveling 
perfected  by  the  leveling-screws. 

(2)  The  upright  sights  or  sight- vanes  are  usually  unhke.  For 
example,  the  one  nearer  the  north  point  of  the  compass-box 
may  have  graduations  marked  on  it  for  vertical  angles,  while 
that  at  the  south  end  is  not  graduated  but  has  attached  to  it 
two  little  revolving  disks  or  peep-holes.  If  there  is  a  counter 
for  keeping  tally  in  chaining,  it  is  usually  placed  on  the  plate 
near  the  south  sight.  Fix  in  mind  once  for  all  which  of  the 
two  uprights  is  the  soiUh  sight,  so  as  to  tell  it  at  a  glance,  always 
keep  this  next  to  the  eye  in  sighting,  and  always  read  the  north 
end  of  the  needle,  as  explained  on  p.  102.  Use  a  magnifying- 
glass  in  reading,  and  look  along  the  axis  of  the  needle  to  avoid 
parallax.  Read  to  the  nearest  half-degree  and  estimate  to  the 
nearest  five  minutes.  It  is  good  practice  to  glance  at  the  south 
ond  of  the  needle  as  a  check,  especially  if  one  moves  around 
the  instnunent  to  take  the  reading,  for  in  changing  positions 
any  source  of  local  attraction  about  the  person  is  likely  to  be 
detected  by  the  corresponding  change  in  the  needle  reading. 

(3)  Protect  the  pivot  in  every  way  possible,  for  unless  the 
pivot  is  sharp  and  perfect  the  needle  may  be  sluggish  and  un- 
reliable. Hence  lift  the  needle  off  the  pivot  before  starting  to 
carry  the  compass  to  another  point,  and  keep  it  off  when  not 
in  use.  Avoid  excessive  vibrations,  after  setting  up,  by  turning 
the  main  plate  before  releasing  the  needle  until  the  latter  is 
nearly  in  the  magnetic  meridian;  the  same  result  will  be  ob- 
tained if  the  vibrations  are  checked  by  slightly  raising  the 
needle,  but  the  longer  the  needle  is  in  coming  to  rest  the  more 
accurate  will  be  its  final  position. 

(4)  Keep  sources  of  attraction  such  as  axes  and  chain-pins 
away  from  the  compass;  bits  of  steel  about  the  person,  such  as 
pocket-knives,  wire  in  a  hat  brim,  a  steel  suspender  buckle. 
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spectacle-cases,  sometimes  affect  the  needle.  The  glass  of  the 
compass-box  may  become  electrified  from  rubbing  it — wet  it 
with  the  finger  or  breathe  upon  it. 

(5)  If  the  needle  is  sluggish  it  may  need  to  be  lemagnetized 
by  bringing  it  into  the  magnetic  field  of  an  electric  light  or  a 
dynamo.  In  doing  this  the  poles  may  be  reversed;  test  by 
putting  the  needle  back  on  its  pivot,  and  if  reversal  is  found 
put  the  needle  back  into  the  field  the  other  end  about.  A  more 
tedious  method  is  to  lay  the  needle  down  and  rub  each  end  from 
the  center  out  with  that  end  of  a  bar-magnet  which  attracts  the 
end  of  the  needle  that  is  being  rubbed.  In  passing  the  magnet 
back  from  end  to  center,  lift  it  some  distance  above  the  needle 
to  avoid  counteracting  the  rubbing; 

(6)  For  important  lines  take  duplicate  readings.  After  the 
first  reading,  disturb  the  needle  by  lifting  it  or  by  tapping  the 
box  gently,  and  see  if  it  comes  to  rest  at  the  same  reading  as 
before.  Another  way  is  to  turn  the  sights  off  the  point  sighted 
at  and  to  bring  them  back  again  to  check  the  original  reading; 
this  takes  more  time,  but  it  is  the  surest  check. 

(7)  To  guard  against  local  attraction  read  the  bearing  of  im- 
portant lines  at  two  different  points — usually  at  the  two  ends. 

(8)  When,  because  of  obstructions,  it  is  inconvenient  to  take 
the  bearing  of  a  line,  take  the  bearing  of  a  parallel  line,  estab- 
lished by  offsets  as  near  as  practicable  to  the  required  line. 

(9)  In  ordinary  work  make  sur^  that  the  declination  arc  is 
set  at  zero.  When,  however,  it  is  desired  to  run  lines  by  true 
bearings  instead  of  by  magnetic  bearings,  set  off  the  declination 
arc  (Art.  185,  p.  124).  In  retracing  old.  surveys  the  change  in 
the  declination  of  the  needle  may  be  ascertained  and  the  decli- 
nation arc  adjusted  so  that  the  lines  may  be  run  from  the  bear- 
ings given  by  the  original  surveyor.     (Sse  p.  298.) 

(10)  When  the  compass  is  put  away,  allow  the  needle  to 
swing  to  the  magnetic  meridian  and  then  lift  it — it  retains  its 
magnetic  strength  longer  in  this  position. 

367.  Compass  Surveying, — General  Method,  (a)  Refer- 
ence lines  corresponding  to  transit  lines,  Chapter  XII,  are  estab- 
lished and  the  length  and  bearing  of  each  ascertained.  (See  also 
Art.  188,  p.  125.) 

(6)  Where  to  run  lines.  The  suggestions  in  Art.  216,  p.  149, 
hold  good.  It  is  often  possible,  however,  to  make  compass 
lines  coincide  with  boundary-hnes,  where  in  ttaxv^it.  ^>\xnc^\w^ 
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it  would  be  impossible.  When  this  can  be  done  it  saves  much 
unnecessary  work  (Art.  216  (a)^  p.  150).  Avoid  duxMsing  star 
tions  near  sources  of  local  attraction. 

(c)  Methods  of  locating  details.  The  methods  of  Chapter  XIII 
hold  good,  except  that  bearings  of  lines  are  read  in  place  of 
angles  in  those  methods  which  involve  angular  measurementa. 
Because  of  the  inaccuracy  of  the  compass,  methods  involving 
linear  measurements  only  (p.  138)  are  used  even  more  than  in 
transit  surveying.  The  old  nde  that  ''when  distances  and 
direction  to  the  same  point  disagree  distances  govern"  is  more 
true  in  compass  surveying  than  in  transit  work. 

(d)  Practical  suggestions.  (1)  Equipment  neai'ly  the  same  as 
given  in  Art.  204,  p.  145,  with  the  compass  in  place  of  the  tran- 
sit. (2)  Referencing  stations  by  marks  on  trees,  etc.  See  Art. 
211,  p.  148.  (3)  Relation  between  office  and  Jidd  work.  See 
Art.  215,  p.  149. 

368.  Detection  and  Elimination  of  Local  Attraction.  In 
this  article  the  term  local  attraction  is  used  in  its  strict  sensd, 
and  does  not  include  the  deviation  of  the  needle  due  to  tilings 
about  the  person  or  to  other  avoidable  sources. 

(a)  Detection,  When  the  bearings  read  at  the  two  ends  of  a 
line  do  not  agree,  local  attraction  probably  exists  at  one  or  pos- 
sibly both  ends,  provided  the  compass  is  in  good  condition  and 
no  mistakes  are  made  in  observations.  To  ascertain  the  cor- 
rect bearing,  set  up  at  a  third  point  on  the  line,  and  see  with 
which  of  the  first  two  readings  the  third  agrees.  If  it  agrees 
with  neither,  try  a  fourth  x>oint,  and  so  on  until  two  readings 
do  agree. 

(6)  Elimination.  The  angle  formed  by  two  lines  can  be  cal- 
culated from  the  bearings  of  the  two  lines  regardless  of  local 
attraction,  provided  the  bearings  are  both  read  at  the  same 
station — ^i.e.,  where  the  lines  intersect.  This  fact  suggests  a 
method  of  eliminating  local  attraction  from  the  bearings  of  a 
number  of  connected  lines,  as  illustrated  below. 


Compass  at 

Line 

Bearing 

Correction 

Corrected  beai 

A 

AD 

N.  62°  40'  E. 

+50' 

N.  63°  30'  E. 

AB 

S.  69°    0'  E. 

+  50* 

8.68*  ICE. 

B 

BA 

N.  67°    O'W 

- 1°  10' 

N.  68°  10'  W, 

BC 

N.41°    O'E. 

-1°10' 

N.39°60'E. 

C 

CB 

S.  39°  50'  W. 

0 

CD 

N.  57°    O'W. 

0 

D 

DC 

S.  57°    0'  E. 

0 

DA 

S.  63*  30'  W. 

0 
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s.  es'io'E.  __ 

Fio.  368  (6). 


lUuttraHon.  The  bearing  of  each  line  in  Fig.  368  (fr)  was  read  ai  both 
ends  of  the  line.  Glancing  down  the  results  in  the  third  colunin  above, 
it  is  seen  that  in  only  one  ease  (the  _ 

line  CD)  do  the  bearings  agree. 
This  indicates  that  there  is  no  local 
attraction  at  either  C  or  D.  Hence 
the  bearing  of  Z>A»S.  GS"*  30' W. 
must  be  correct.  But  at  A  the 
reading  is  N.  62<>  40^  E.,  indicating 
an  error  of  +50'  due  to  local  at- 
traction at  A  (+  =  clockwise,  —  — 
counterclockwise).  Applying  this 
correction  to  the  erroneous  reading 
S.  69°  O'  E.  of  AB.  the  correct  bear- 
ing of  A  5  is  S.  68**  10'  E.  But  the 
reading  at  5  is  N  67°  IC  W.,  indi- 
cating an  error  of  —  1**  10'.  Applying  this  correction  to  the  other  reading 
taken  at  B,  i.e.,  BC  =  N.  41°  0'  E.,  the  correct  bearing  of  J5C  is  N.  39°  60'  E. 
This  checks  with  CB  =  8.  39°  60'  W  ,  taken  at  C.  where  there  is  no  local 
attraction.  Thus  local  attraction  may  be  eliminated  from  any  number  of 
connected  lines  provider!  the  correct  bearing  of  one  line  is  known. 

Note.  "When  the  bearing  of  not  even  one  line  can  be  taken  as  correct, 
assume,  for  temporary  purposes,  that  the  correction  at  some  one  station, 
say  the  first  station,  is  zero,  and  correct  all  the  other  bearings  accordingly 
by  the  method  just  illustrated.  It  will  usually  be  found  that  for  a  num- 
ber of  stations  the  correction  is  the  same.  It  is  therefore  pretty  safe  to 
assume  that  at  these  stations  no  local  attraction  exists,  ana  the  bearings 
may  again  be  corrected  on  this  assumption. 

369.  Field  Notes  and  Method  of  Procedure.  The  field 
notes  are  usually  kept  by  the  sketch  method  (p.  165).  Thus, 
for  example,  if  the  compass  had  been  used  in  the  survey  illus- 
trated on  p.  183,  the  bearing  would  be  recorded  along  each 
line  in  place  of  the  angle.  When  simply  the  bearings  of  a 
few  lines  are  taken  and  no  sketch  is  required,  the  notes  may  be 
tabulated  in  a  form  similar  to  Form  9 — a  modification  of  Form 
7,  p.  174.  Be  careful  to  record  whether  the  bearings  are  true 
or  magnetic. 

Form  9 


f 

Station 
D 

C 

Line 
DE 
DC 
CD 
CB 

Bearing 
S.I°20'e 
5.72' 55'w 
N72'55'E 
N.8'45'E 

Lengtii 
229. 7 

155.0 

'5  are  Magnetic, 

B 
A 

BC 
BA 
AB 

S-d'ASW 
N.2Z'l0'w 
5.2Z''I0'E 

87.3 
107.  d 

f 

Declina 

\ 
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Method  of  procedure.  Set  up  at  A,  took  the  bearing  of  Ab, 
Set  up  at  B,  took  the  back  bearing  of  AB,  i.e.,  the  bearing  BA^ — 
found  that  it  checked  with  the  forward  bearing.  Took  the  for- 
ward bearing  of  BC,  and  moved  on  to  C  While  this  was  being 
done  the  chainmen  measured  the  lines  between  stations.  Con- 
tinued the  work  by  taking  the  forward  and  back  bearing  at 
each  station,  as  indicated  in  the  notes. 

Remark.  The  first  column  is  unnecessary  and  may  be  omitted  provided 
it  is  understood  that  the  first  letter  of  a  line  is  the  station  at  which  the 
compass  stands  when  the  bearing  is  taken.  In  case  there  are  side  shots  for 
locating  decails,  these  may  be  entered  in  the  tabulated  form  as  in  transit 
surveying,  and  an  explanatory  sketch  made  on  the  right-hand  page — a 
method  resorted  to  sometimes  when  there  is  not  room  on  the  sketch.  In 
compass  surveying,  however,  details  are  usually  located  by  linear  meas- 
urements only,  and  these  should  be  put  directly  on  the  sketch  itself. 

If  the  methods  of  keeping  notes  for  transit  surveys  have  been  mastered, 
it  is  an  easy  matter  to  adapt  them  to  compass  surveys. 

370.  Sources  of  Error.  (1)  liocal  attraction.  (2)  Errors  of 
observation.     (3)  Instrumental. 

The  first  source  of  error  is  annoying,  but  it  can  be  eliminated 
by  the  method  of  the  preceding  article.  The  second  includes 
errors  in  sighting  and  in  reading, — errors  from  this  source  can 
be  avoided  by  following  the  suggestions  in  Art.  366,  p.  294. 
The  chief  source  of  error  is  the  compass  itself.  Not  only  is  it 
difficult  to  read  the  needle  closely,  but  different  compasses  will 
often  give  different  bearings  for  the  same  line,  even  when  the 
instruments  seem  to  be  ih  good  .adjustment. 

Limits  of  'precision.  The  maximum  error  of  bearing  should 
not  exceed  ten  minutes  if  a  good  compass  graduated  to  half- 
degrees  is  used.  Since  1  in  57.3  corresponds  to  1®,  this  is 
equivalent  to  1  in  344.  If  the  bearing  is  correct  to  five  min- 
utes, which  is  as  close  as  the  compass  can  be  read  with  a  reason- 
able degree  of  certainty,  the  error  is  1  in  688.  This  is  much 
less  accurate  than  the  results  which  may  be  reasonably  expected 
in  measuring  distances  with  a  chain.  (See  p.  49.)  Of  course 
better  results  are  often  obtained  with  the  compass,  but  a  higher 
limit  of  error  should  not  be  required. 

Rerunning  Old  Surveys.  The  chief  use  of  the  compass,  in 
many  communities,  is  in  rerunning  former  surveys,  especially 
in  finding  boundaries  which  have  become  more  or  less  uncer- 
tain. The  original  surveys  were  made,  say,  from  40  to  100 
years  ago,  and  the  large  tree  or  the  pile  of  stones  which  once 
marked  a  comer  have  entirely  disappeared.  In  such  a  case 
the  sm^eyorcan  proceed  only  from  such  evidence  as  he  can 
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procure  by  examining  town  records,  and  by  searching  for 
existing  bounds.  If  the  owners  who  are  interested  will  not 
accept  his  results,  it  is  then  a  matter  for  the  courts.  The  sur- 
veyor cannot,  of  course,  settle  a  boundary  dispute,  though 
many  persons  seem  to  think  so.  He  can,  however,  give  expert 
testimony,  and  frequently  he  can  persuade  the  disputants  to 
accept  a  boundary-line  which  he  has  run  out  without  resorting 
to  the  courts.* 

Assuming  that  the  lengths  and  bearings  of  the  boundaries 
are  known,  it  will  be  necessary  to  ascertain  the  change  in  the 
magnetic  declination  which  has  taken  place  since  the  original 
survey  was  made.  If  two  points  on  any  boundary-line  are 
still  preserved,  the  most  direct  method  is  to  sight  along  this 
line  and  to  change  the  declination  arc  until  the  bearing  agrees 
with  the  original.  When,  however,  only  one  point  on  a  bound- 
ary-line remains,  it  will  be  necessary  to  find  the  change  in 
magnetic  declination  in  some  other  way.  This  change  may 
often  be  calculated,  provided  the  date  of  the  original  survey  is 
known.t  When  tracing  deeds  in  town  records,  however,  it  is 
not  easy  to  know  when  one  has  gone  far  enough  back,  i.e.,  to 
be  sure  that  one  has  reached  the  owner  for  whom  the  original 
survey  was  made.  When  the  date  has  been  ascertained  and 
the  change  in  the  magnetic  declination  has  been  figured,  the 
declination  arc  should  be  adjusted  accordingly,  or,  if  there  is 
no  provision  for  this  adjustment,  proper  allowance  should  be 
made  in  the  bearing  of  each  line.  The  importance  of  dating  a 
map  and  of  giving  the  corresponding  magnetic  declination  is 
obvious. 

♦  Tt  is  not  within  the  province  of  this  book  to  enter  upon  the  difficulties 
encountered  in  rerunning  old  surveys,  or  to  cite  cases  illustrating  the  exist- 
ing laws.  For  this  part  of  the  subject  the  student  is  referred  to  standard 
works  of  reference,  especially  to  a  Manual  of  Land  Surveying  by  F.  R. 
Ilodgman,  Climax,  Mir h.,  published  by  the  author. 

t  When  there  is  no  local  record  of  the  change  in   magnetic   declination 

from  year  to  year,  it  may  often  be  obtained  from  the  "U.  S.     Declination 

Tables  and   Tsogonic  Charts  for  1902"   by  L.  A.  Bauer,  published  by  the 

U.  S.  Government  (Coast  and  Geodetic  Survey).      This  volume  embraces 

ome  SOOO  observations  on  magnetic  declinations  in  different  states. 


CHAPTER  XXV 

STADIA  SURVEYING 

In  this  chapter  the  principles  of  stadia  surveyini;  are  explained,  for- 
mulas for  reducing  inclined  sights  to  horizontal  and  vertical  distances 
are  derived,  methods  of  determining  the  stadia  interval  and  of  graduating 
rods  are  given,  methods  of  procedure  in  field  work  are  outlined,  souroee  en 
error  are  pointed  out,  and  limits  of  error  are  suggested. 


372.  Stadia,  Stadia-wires,  Stadia-rod.  The  stadia  method 
of  measuring  distances  *  consists  in  observing  how  much 
of  a  rod  held  at  one  end  of  a  line  appears  to  be  included  be- 
tween two  parallel  cross-hairs  (or  wires)  as  the  observer  looks 
through  a  telescope  at  the  other  end  of  the  line.  The  farther 
the  rod  from  the  telescope,  the  more  of  the  rod  will  be  included 
between  the  two  hairs.  Stadia-wires  in  the  telescope  of  the 
transit  or  the  level  are  horizontal,  one  above  and  one  below 
the  regular  horizontal  cross-hair.  In  some  telescopes  they  are 
a  fixed  distance  apart;  in  others  the  distance  can  be  changed, 
i.e.;  the  stadia-wires  are  adjustable.  Stadia-rods  are  usually 
from  four  to  six  inches  wide  and  from  one  half  to  three  quarters 
of  an  inch  thick.  There  are  many  patterns  in  use,  the  main 
object  being  to  secure  graduations  on  the  face  of  the  rod  which 
can  be  read  easily  at  a  distance  and  yet  be  fine  enough  to  indi- 
cate definitely  and  accurately  the  distance  of  the  rod  from  the 
stadia-wires.  Leveling-rods  are  often  used  as  stadia-rods.  Tha 
term  stadia,  formerly  used  to  denote  the  rod,  is  now  used  to 
include  both  the  rod  and  the  wires;  it  also  stands  for  the  method 
itself:  thus,  for  example,  measuring  with  the  stadia,  i.e.,  rod 
and  wires,  and  measuring  by  the  stadia,  i.e.,  by  the  stadia 
method.  Telemeter  is  a  term  often  used  in  place  of  stadia. 
T  achy  meter  is  sometimes  used  to  denote  a  transit  equipp>ed 
with  stadia- wires,  vertical  circle,  and  telescope-level. 

*  Said  to  have  been  invented  in  1770  by  no  less  a  man  than  James  Watt. 
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373,  The  Principle  of  the  Stadia  is  based  on  the  geometric 
principle  that  in  two  similar  triangles  corresponding  sides  and 
altitudes  are  proportional.  In  practice  the  distance  of  a  stadia- 
rod  from  a  transit  or  a  level  is  found  by  observing  how  much  of 
the  rod  appears  to  be  exactly  included  between  the  two  stadia- 
wires  as  the  observer  looks  through  the  telescope.  For  exam* 
pie,  if  at  100  feet  away  a  foot  of  the  rod  is  thus  included,  at  200 
feet  away  two  feet  of  the  rod  will  be  included,  at  300  feet  three 
feet,  and  so  on.  This  is  not,  however,  strictly  true,  for  a  cori" 
stant,  which  differs  slightly  for  different  telescopes,  must  be 
added  to  each  reading. 


U...^— *j«-.-^-^- 


--4B 


a' 


c£: 


T = =^y  1  -. 

"^:-r--:r.:<>.i:::::^-o-8+(c+/) -> 

Fia.  373  (a). 

(a)  Theory  involved.  Let  a  and  b  in  Fig.  373  (o)  represent  the 
position  of  the  upper  and  lower  stadia- wires.  Let  ^15  be  the 
portion  of  a  stadia-rod  which  appears  to  be  exactly  included 
between  a  and  6.  Any  ray  of  light  from  A  which  passes  through 
F  will  become  parallel  to  the  axis  of  the  telescope  after  passing 
through  the  lens.*  Since  all  rays  from  A  converge  at  a,  they 
may  be  treated  as  a  single  line  AFa'a.  Likewise  the  cone  of 
rays  from  B  gathered  by  the  lens  and  brought  to  a  focus  at  b 
may  be  considered  as  one  line  BFVb. 

Let  a'  and  V  be  the  points  where  the  oblique  rays  are  changed 
to  parallel  rays.  Let  c  be  the  distance  from  the  center  of  the 
instrument  to  the  center  of  the  object-glass — a  slightly  varia- 
ble quantity,  dependent  on  the  focusing.  Then  from  the  simi- 
lar triangles  a'FV  and  AFB,  a'b':f::AB:S,    or  S=  4r,  X  AB. 

Of  o 

Since  a'6'(=a6)  is  the  interval  between  the  stadia- wires  (denoted 
by  i),  and  since  AJ5=/2=the  rod -reading,  then  5= -r-i2.     The 

*  From  the  theory  of  lenses  explained  in  Part  III. 
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ratio  -4-  for  any  given  telescope,  is  constant,  therefore  the  dis- 

tance  S  is  always  equal  to  the  rod-reading  multiplied  by  this 
ratio,  no  matter  where  the  rod  may  be  held.  But  the  distance 
usually  required  is  the  distance  from  the  rod  to  the  CisrUer  of 
the  instrument.  This  distance  D=S-h(c+f).  The  quantity 
(c+/)  for  all  practical  purposes  is  a  constant  C.  The  quan- 
tities c  and  /  may  be  found  With  much  greater  accuracy  than 
is  necessary,  as  follows:  (1)  Focus  on  a  point  100  ft.  or  more 
away.  (2)  Measure  from  the  center  of  the  object-glass  to  the 
center  of  the  instrument  to  find  c.  (3)  Measure  from  the  cesx* 
ter  of  the  object-glass  to  the  cross-hairs  to  find  /.  (Since  the 
cross-hairs  are  approximately  at  one  of  the  principal  foci  or  as 
far  behind  the  lens  as  the  other  principal  focus,  F  is  in  front 
of  the  lens.)*  (4)  Add  these  two  measurements  to  find  the 
total  correction  C.  Notice  that  the  constant  C,  once  deter- 
mined, is  the  same  for  all  readings;  it  is  not  twice  as  mudi  for 
200  ft.,  three  times  as  much  for  300  ft.,  and  so  on. 

(b)  Remark.  It  makes  little  dififerenoe  whether  the  telescope  is  foouaed 
on  a  distant  point  or  on  a  point  a  few  feet  away,  since  the  extreme  m^^EB  of 
the  object-glass  slide  is  less  than  one  inch  for  tne  average  telescope.  ^  This 
extrenie  variation  in  the  distance  c  may  be  ignored  when  it  is  considered 
that  stadia  readings  are  usually  taken  to  the  nearest  foot.  Moreover,  in 
changing  the  focus  from  say  100  ft.  to  the  longest  distance  ever  read,  the 
variation  is  only  a  very  small  fraction  of  an  inch. 

The  total  correction  C  varies  from  about  0.9  ft.  for  a  short  telescope  to 
about  2.5  ft.  for  the  telescope  of  an  18"  wye>level.  For  transit  woi^  it  is 
usually  close  enough  to  add  an  even  foot  to  each  reading. 

374.  To  Test  the  Stadia  Interval.  The  stadia-wires  in 
most  instruments  are  so  placed  that  2  =  100;   hence  when  one 

foot  of  the  stadia-rod  is  intercepted  the  rod  is  ( 100 +C)  feet  from 
the  center  of  the  instrument;  when  2  feet  of  the  rod  are  inter- 
cepted it  is  (200-hC)  feet  away,  and  so  on.  The  stadia  interval 
and  the  value  of  C  (determined  as  explained  in  the  preceding  ar- 
ticle by  measuring  the  telescope)  may  both  be  tested  as  follows: 
Test.  Set  up  the  instrument  on  level  ground.  Hold  the  rod 
at  such  a  distance  away  that  the  stadia-wires  intercept  a  foot 
of  it.  Suppose  this  distance,  measured  with  the  tape,  is  101.2 
feet.  This  would  indicate  that  the  constant  C  is  1.2  feet.  To 
make  sure,  however,  hold  the  rod  so  that  two  feet  are  intercepted* 
The  distance  as  measured  should  be  201.2  {not  202.4).     If  three 

*  From  the  theory  of  lenses  explained  in  Part  III. 
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feet  are  intercepted,  the  distance  as  measured  should  equal 
301.2.  A  series  of  such  observations  should  be  made  before 
beginning  any  important  work  with  the  stadia.     (See  p.  304.) 

375.  To  Adjust  the  Stadia-wires.  When  stadia-wires  are 
movable  they  may  be  adjusted  as  follows:  (1)  Set  two  targets 
on  a  leveling-rod  exactly  one  foot  apart,  and  hold  the  rod  at 
a  distance  of  (100+ C)  ft.  from  the  center  of  the  instrument. 

(2)  Sight  at  the  rod,  moving  the  telescope  up  or  down  with' 
the  slow-motion  screw  imtil  the  middle  horizontal  hair  is  exactly 
half-way  between  the  two  targets.  (3)  Make  one  stadia-wire 
bisect  one  target  and  the  other  wire  bisect  the  other  target  by 
turning  the  screws  which  control  the  stadia-wires.  Watch  the 
middle  hair  to  see  that  it  does  not  toove  off  the  middle  point, 
and  if  it  does  bring  it  back  again.  (4)  Hold  the  rod  at  (200  +  C) 
ft.  from  the  instrument,  and  test  each  stadia-wire  separately  to 
see  if  it  bisects  one  target  when  the  middle  hair  bisects  the 
other.  (5)  Test  both  hairs  at  the  same  time  by  setting  the 
targets  two  feet  apart.  (6)  Repeat  the  test  for  the  wires  at 
(400  +  C)ft. 

Practical  auapestions.  (1)  The  method  just  deBcribed  makes  the  stadia- 
wires  equal  distances  -  from  the  middle  cross-hair.  This  is  not  essen- 
tial so  long  as  the  interval  between  the  stadia-wires  is  correct,  unless,  as 
is  sometimes  the  case,  distances  are  measured  by  observing  the  space 
included  between  one  stadia- wire  and  the  middle  crosshhair,  (2)  In  place 
of  the  regulation  targets  it  may  be  more  convenient  and  more  accurate  to 
make  targets  of  cardboard  havii^  well-defined  ink-lines  at  half-foot  inter- 
vals, or  three  separate  targets  to  be  fast;ened  to  the  rod  at  required  intervals. 

(3)  Notice  that  rods  may  be  constructed  and  stadia- wire^  spaced  so  that 
units  other  than  feet  may  be  used,  a^,  for  example,  units  m  the  metric 
system.  (4)  One  advantage  of  the  standard  interval  is  that  the  ordinary 
leveling-rod  may  be  used  as  a  stadia-rod  when  desired.  (5)  The  screws 
for  adjusting  the  stadia-wires  are  usually  two  capstan- headed  screws,  close 
to  the  four  screws  for  adjusting  the  cross-hair  ring.  (See  Adiustnrent  of 
Cross-hairs  in  the  chapter. on  Adjustments.)  (6)  The  middle  hair  should 
never  be  disturbed  in  adjusting  stadia-wires, — it  is  supposed  to  be  in  ad- 
justment. 

376.  Fixed  Stadia-wires.  For  the  most  accurate  work 
stadia-wires  should  be  non-adjustable.  Most  instruments  hav- 
ing fixed  stadia-wires  are  intended  to  be  used  with  standard 
rods  graduated  to  feet.  A  series  of  tests  will  often  show,  how- 
ever, that  though  the  maker  has  fixed  the  interval  -r=  100  with 

X 

accuracy  suflficient  for  ordinary  work,  yet  in  order  to  obtain 
results  better  than  say  ^,  either  (1)  a  special  rod  must  be 
graduated  to  suit  the  instrument,  or  (2)  an  inierval  factor  must 
be  used  for  correcting  readings. 
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(a)  To  gradtiaie  the  rod.  (1)  Establish  a  point  F  a  distance 
C  in  frpot  of  the  instrument.  (2)  Measure  accurately  100  ft., 
200  ft.i  300  ft.,  ^d  400  ft.  from  this  point  F.  (3)  KiM  a  rod 
with  cardboard  targets  at  each  of  the  above  points  in  succes- 
sion, and  determine  as  accurately  as  possible  what  interval  on 
the  rod  corresponds  to  100  ft.  (4)  Lay  off  these  intervals  <m 
the  rod  as  if  ihey  were  feet,  and  again  test  at  100  ft.,  200  ft., 
300  ft.,  and  400  ft.  (5)  Wh«i  the  intervals  are  oorreet,  the 
subdivisions  may  be  painted  on,  according  to  any  desired  pat- 
tern. 

(6)  The  nUennl  fader.  When  it  is  desired  to  use  a  rod  with 
standard  graduations,  and  the  fixed  stadia-wires  are  found  to 
be  slightly  in  error,  it  will  be  necessary  to  multiply  each  read- 
ing by  a  constant  factor  to  reduce  it  to  the  true  reading.  This 
interval  factor  may  be  determined  by  a  series  of  tests  similar 
to  that  given  for  graduating  the  rod. 

JUuatraiion,  Suppoee  that  the  avera^  iotercept  on  a  rod,  as  detennined 
from  a  number  <»  obflervations  at  <fifferent  distances,  repeated  several 
times  is  1.0042  ft.,  then  all  distances  read  would  be  too  lon^  and  should  be 
reduced  by  dividing  by  1.0042. '  If  the  distances  are  inclined,  this  most 
be  done  before  correcting  for  the  inclination.  If  the  interval  is  too  short, 
say  0.0981.  then  all  readuicB  are  divided  by  0.9981. 

{eS  Practical  tuggestioiu.  (1)  Fixed  stadia-wires  are  not  Uk^y  to  be 
dispukoed,  and  for  this  reason  are  used  by  many  surveyors  in  pr^erenee 
to  adjustable  wires,  espedaUy  where  re^ts  better  than  ^kc  are  desired. 
The  adjustable  wiree  are  apt  to  change  their  distance  apart  with  eveiy 
ehange  of  tetnpeiMinte.  (2)  When  results  no  better  than  «lo  are  required 
it  usually  will  be  found  unnecessary  to  use  either  a  special  rod  or  aa  laier- 
val  factor.  (3)  For  very  accurate  wo^  the  tests  for  graduatins  a  rod  or 
ior  determining  the  interval  factor  should  be  made  not  at  any  one  hour  cf 
the  day,  but  during  all  hours  oi  field-work,  so  as  to  approximate  as  closely 
as  possible  to  the  average  conditions.  (Seep.  313.)  (4)  It  is  probab& 
better  in  an  extended  survey  to  use  a  standard  rod  and  to  correct  readings 
by  the  interval  factor  ihan  to  use  special  graduations,  for  the  f<dk>win4S 
reasons:  SubseqiiMit  tests  of  intervals  can  be  made  without  repainting  <w 
legraduating  the  rod;  rods  can  be  interchanged  among  transits  or  used 
with  new  transits:  rods  can  be  used  for  leveling  without  oomputatioii; 
leveling-rods  can  be  used  as  stadia-rods;  rods  can  be  used  by  obeerven 
having  different  personal  equations. 

377.  Method  of  Reading  the  Rod.  The  reading  of  the  rod 
is  learned  more  easily  from  actual  practice  than  from  any 
printed  directions.  The  main  object  is  to  determine  as  accu- 
rately as  possible  how  much  of  the  rod  is  included  between  the 
stadia-wires.  In  doing  this,  sight  at  a  point  on  the  rod  about 
as  far  above  the  ground  as  the  telescope  is*  above  the  ground. 
Move  the  telescope  dightly  up  or  down  imtil  either  the  u{^)er 
or  lower  stadia-wire  exactly  strikes  the  nearest  even-foot  maik 
on  the  rod,  and  then  observe  how  far  from  that  even-foot  mark 
the  other  stadia-wire  strikes.     The  graduations  on  the  rod  shotUd 
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be  read  in  terms  of  distance.  Thus  one  foot  on  the  rod  stands 
for  100  feet  in  distance,  ^  of  a  foot  stands  for  20  feet,  ^  of  a 
foot  for  2  feet,  and  so  on.  Be  careful  not  to  mistake  'the 
regular  horizontal  cross-hair  for  a  stadia-wire;  do  not  use  the 
former  at  all,  except  in  special  cases.  In  some  instruments  this 
danger  is  avoided  by  placing  the  stadia-wires  so  that  when  they 
are  visible  (in  focus)  the  regular  horizontal  hair  is  invisible,  and 
vice  versa. 

(a)  Common  mistakes.  (1)  To  read  between  the  stadia-wire  and  middle 
cross-hair,  thus  getting  half  the  correct  distance.  Avoided  by  habitually 
estimatii^  distances  by  eye,  and  thus  checking  the  stadia  reading  *  also 
by  purposely  reading  and  entering  the  half-distauce  in  the  notes,  and  then 
reading  and  entering  the  full  distance  independently.  (2)  Omitting  an 
even  hundred  feet  or  multiples  of  ten  feet,  as  189  ft.  in  place  of  289,  or 
129  in  place  of  139. 

Practice.  Before  beginning  the  regular  stadia  survey,  take  a  number 
of  Bifhts  varying  from  50  ft.  or  less  to  300  ft.  or  more,  and  check  each 
reading  by  measuring  With  a  tape. 

378.  Distance  and  Elevation  when  the  Line  of  Sight  is 
Inclined.  In  the  preceding  articles  it  has  been  assumed  that 
the  line  of  sight  in  each  case  has  been  nearly  horizontal.  In 
hilly  country  it  is  necessary  to  incline  the  telescope.  For  such 
sights  two  corrections  are  involved:  (1)  If  the  line  of  sight  is 
inclined,  the  distance  obtained  will  correspond  to  the  distance 
found  by  measuring  on  a  slope,  and  this  distance  must  be  re- 
duced to  a  horizontal  distance.  (2)  If  the  rod  is  held  plumb 
(vertical),  as  it  usually  is,  it  is  not  perpendicular  to  the  line  of 
sight,  hence  more  of  the  rod  appears  to  be  included  between  the 
wires  than  would  appear  were  it  perpendicular  (out  of  plumb). 
.  This  false  reading  must  be  reduced  to  the  true  reading.  Both 
corrections  depend  upon  the  vertical  angle;  hence,  unless  the 
notes  are  plotted  in  the  field,  it  is  usually  sufficient  to  record 
the  vertical  angle  and  the  stadia  reading  as  it  actually  appears 
on  the  rod.  The  reductions  are  then  made  in  the  office  by  the 
use  of  tables  or  diagrams  or  slide-rule,  based  upon  the  formula 
derived  in  the  next  article.  It  will  also  appear  that  the  stadia 
method  is  useful  for  determining  elevations  by  trigonometric 
leveling. 

^79.  Inclined  Readings.  In  Fig.  379,  let  the  line  of  sight 
be  inclined  at  an  angle  a.  If  the  rod  were  held  perpendicular 
to  the  line  of  sight  the  stadia  reading  6V  would  give  the  dis- 
tance Fm,  which,  when  added  to  the  constant  C,  would  be 
equal  to  the  distance  Bm.  This  could  be  reduced  to  the  re^ 
quired  distance  BE  by  multiplying  Bm  by  cos  a.    Bw.\.  \^  Ve*  \\si\» 
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practicable  to  incline  the  rod  until  it  is  perpendicular  to  thf 
line  of  sight,  and  even  if  it  were  complications  would  arise  in 
getting  elevations,  hence  the  general  practice  is  to  hold  the  rod 
plumb.  This  introduces  another  error,  since  it  makes  the  read- 
ing  be  longer  than  the  true  reading  &V.    The  angle   Wm  is 


w«U^--^ 


Fio.  379. 

approximately  a  right  angle,  and  hmb'  —  aj  hence  he  cosa=6V 
(very  nearly).  In  other  words,  the  distance  actually  read  must 
be  multiplied  by  cos  a  to  get  Fm,    Hence 


Bw=  C-\-Fm=C+l-(be  cos  a). 


But  BE^  Bm  cos  a,  hence 


/ 


BE=  C  cos  a+~-be  cos'  a, 

% 


(1) 


(2) 


If  R  represents  the  actual  reading  i4&e1,  then  equation  (2) 
may  be  written: 

Horizontal  distance  :  BE  =H=>R—RBm^a+C  cos  a.   .     (3) 

In  finding  elevations,  the  vertical  distance  Em  is  required.    Em  «■ 
Bm  sin  a.    Substituting  the  value  of  Bm  from  equation  (1), 

JJm^  F=-T*c(cos  a  sin  a) +  C  sina; 

and  remembering  that 

cos  a  sin  a=i  sin  2a 
we  get 

Vertical  distance :  F«/2  J  sin  2a+C  sin  a.    •    •     (4) 
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380.  The  Reduction  of  Inclined  Stadia   Reading^s.     In 

using  formulas  (3)  and  (4),  keep  in  mind  the  fact  that  C  cos  a 
is  practically  equal  to  C  for  any  vertical  angle  likely  to  occur 
in  practice,  and  that  C  sin  a  is  a  negligible  quantity.  The 
quantities  to  be  found  therefore  are  Reiii^  a  for  horizontal  dis- 
tances, and  R\  sin  2a  for  vertical  distances.  These  reductions 
are  usually  made  in  the  office,  although  it-  will  be  necessary 
occasionally  to  reduce  distances  in  the  field.  The  use  of  stadia 
reduction  tables  or  geometrical  diagrams  greatly  facilitates  the 
work.     (See  chapter  on  Working  up  Field  Notes,  Part  II.) 

381.  To  Measure  Horizontal  Distances  with  the  Stadia. 
(a)  On  level  ground.  Keeping  the  telescope  as  nearly  horizontal 
as  possible,  bring  one  of  the  stadia-wires  to  coincide  with  the 
nearest  even-foot  mark  on  the  rod,  and  read  the  other  wire  in 
terms  of  distance^  as  directed  on  p.  305. 

(6)  On  sloping  ground,  (1)  Sight  at  a  point  on  the  rod  about 
as  far  above  the  ground  as  the  telescope  is  above  the  ground. 
(2)  Bring  a  stadia-wire  on  the  nearest  foot-mark,  and  read  and 
record  the  distance  as  before.  (3)  Read  and  record  the  ver- 
tical angle  which  the  Hne  of  sight  makes  with  the  horizontal. 
(4)  The  true  distance  may  be  reduced  in  the  office  or  in  the 
6eld. 

(c)  Practical  auggeations.  (1)  It  is  not  essential  to  make  one  wire  b/sect 
an  even-foot  mark — it  merely  simplifies  reading  the  rod._  Clamp  the  tele- 
scope and  use  the  slow-motion  screw  when  the  stadia-wire  is  nearlv  on  the 
mark.  (2)  When  the  distance  between  two  stations  is  too  great  for  accu- 
rate reading,  assume  a  point  about  midway  between  the  two,  read  the 
distance  to  this  point  from  each  station,  and  add  the  two  readings  The 
objection  to  this  method  is  that  no  check  on  the  total  distance  can  be  had 
by  two  readings,  one  from  each  end  of  the  line. 

(d)  Practical  qucsiiona.  (1)  How  accurately  can  distances  be  meaaured  f 
This  depends  upon  the  magnifying  power  of  the  telescope,  the  fineness  of 
the  stadia-wires,  the  graduations  on  the  rod,  the  atmospheric  conditions, 
and  the  length  of  sight. 

With  the  average  telescope  and  atmospheric  conditions  the  error  in  a 
300-ft.  sight  sboiild  not  exceed  1.0  ft.  With  high-grade  instruments  and 
favorable  conditions,  sights  up  to  700  ft.  may  be  taken  with  an  average 
error  of  less  than  0.5  ^t-  or  y^ro.  Even  better  results  have  been  obtained. 
(See  also  Ltmits  of  Error,  p.  313.)  ,  , 

(«)  How  lfm4t  fiahts  should  he.  taken?  This  depends  not  only, on  the  con- 
ditions mentioned  above,  but  also  upon  the  accuracy  required  tor  the 
work  in  hand.  In  ordinarv  work  best  results  are  obtained  when  the  lengtn 
of  sight  does  not  exceed  300  ft.  to  400  ft.  At  greater  distances  the  stadia- 
wires  will  appear  coarse  as  compared  with  the  rod  graduations,  ycca- 
sionallv,  however,  when  the  map  is  to  be  plotted  to  small  scale  ajf  tjjf 
limits  of  error  are  comparativelv  large,  very  much  longer  sights  may  oe 
taken — sights,  for  example,  of  2000  ft.      ,.„,.,  ,  *u«  „««„ 

(/)  When  may  veHical  angles  be  ignored  f  This  depends  upon  the  accu- 
racv  required  for  the  work  in  hand.  The  longer  the  sight  the  greater  the 
absolute  but  not  the  relative  error.  The/oUowing  table  gives  approxi- 
mate values  of  the  errors  which  will  result  for  sights  from  100 ft.  to  500  ft., 
if  vertical  an^s  from  1**  to  6**  are  ignored. 
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100 

200 

300 

400 

500 

!• 

0.03 

0.06 

0.09 

0.12 

0.15 

2<> 

0.1 

0.2 

0.4 

O.is 

0.6 

3<» 

0.3 

0.5 

0.8 

1.1 

1.4 

4<» 

0.5 

1.0 

1.6 

2.0 

2.5 

6» 

0.8 

1.5 

2.3 

3.0 

3.8 

If,  for  example,  300  ft.  is  the  longest  sight  taken,  the  maximum  error 
involved  by  ignoring  angles  of  3^  and  less  is  0.8,  while  for  a  500-foot  sight 
it  is  1.4.  For  300-ft.  sights  and  under  the  maximum  error  involved  by- 
ignoring  angles  up  to  5^  is  2.3  ft.  Hence  the  common  rule  that  in  ordi- 
nary stadia- work,  when  sights  average  from  150  ft.  to  300  ft.,  vertical 
angles  up  to  3**  may  be  ignored;  and  in  some  work  the  limit  is  put  at  5**. 

382.  To  Obtain  Vertical  Distances  or  Elevations.  There 
are  two  methods, — one  is  used  when  the  elevation  of  one 
point  is  required  with  reference  to  another  point  very  near  the 
instrument,  as,  for  example,  the  station  under  the  plumb-bob; 
the  other  is  used  when  the  point  of  reference  is  not  near  the 
instrument,  as,  for  example,  some  bench-mark  too  far  away  for 
the  £b:st  method  to  be  used.  The  two  methods  are  explained 
on  pp.  244  and  264;  they  differ  only  in  the  method  of  setting 
the  target  at  the  start. 

(a)  Reference-point  very  near  the  instrument,  (1)  Stand  the 
rod  up  beside  the  transit  with  its  base  on  a  level  with  the 
point  of  reference,  and  set  the  target  at  the  height  of  the 
supporting  axis,  or  opposite  the  center  of  the  object-glass  when 
the  telescope  is  level.  (2)  Hold  the  rod  on  the  point  of  re- 
quired elevation,  direct  the  telescope,  and  read  the  distance  as 
usual,  choosing  that  even-foot  mark  which  brings  the  middle 
hair  nearest  to  the  target  center.  (3)  Make  the  middle  hair 
exactly  bisect  the  target,  signal  to  the  rodman  to  move  to  the 
next  point,  read  and  record  the  vertical  angle.  (4)  The  eleva- 
tion may  be  reduced  in  the  field  or  in  the  office. 

(6)  Reference-point  not  near  the  instrument.  (1)  Clamp  the 
telescope  in  a  horizontal  position,  bringing  the  bubble  ex- 
actly to  the  center  by  the  slow-motion  screw.  (2)  Backsight 
on  the  bench-mark  or  point  of  reference,  setting  the  target  so 
that  it  is  bisected  by  the  middle  hair.  (3)  Without  disturbing 
the  target,  proceed  exactly  as  directed  in  the  preceding  para- 
graph. 

(c)  Practical  auggesHona.  Once  the  target  has  been  set,  any  number  of 
elevations  may  be  taken,  but  it  is  very  essential  to  state  definitely  in  the 
field-notes  what  point  is  taken  as  a  reference-point;  otherwise  it  may  be 
uncertain  which  of  the  two  methods  was  used. 

(d)  Practical  questions.  How  accurately  can  elevations  he  obtained  by  thi8 
methodf  This  depends  upon  the  accuracy  with  which  the  vertical  anf^ 
is  taken,  the  magnitude  of  that  angle,  the  accuracy  with  which  the  in- 
ciJaed  distance  to  the  rod  is  measured,  and  the  amount  of  that  diHtance. 
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The  following  tables  give  the  errors  in  elevation  due  to  angular  errors  of 
2^,  6\  and  16'  for  100-ft.  sights,  and  also  the  error  due  to  an  error  of  one 
foot  in  distance  for  different  angles.  Anides  of  1®  and  26^  are  taken  be- 
cause they  are  the  two  extremes,  verticu  angles  rarely  exceeding  26°  in 
practice — 14°  is  approximately  half-way  between  the  two.  The  extreme 
error  in  vertical  angles  is  not  likely  to  exceed  16'. 

Errors  in  Elevation  per  100  ft.  Errors  in  Elevation  due  to  an  Error 
due  to  Errors  of  2\  6',  and  16'  of  1  f  t.^i  n  Distance 

JO  140  26®  1®  14°  26° 

2r        0.06        0.05        0.04  0.017  0.235  0.394 

&        0.18        0.16        0.11 
16^        0.47        0.41         0.29 

Notice  that  the  laiiser  the  angle  the  less  the  error  due  to  aneular  error, 
and  the  greater  the  error  due  to  linear  error.  Thus  an  error  of  16'  results 
in  an  error  of  0.47  ft.  if  the  angle  is  1°,  while  it  is  only  0.29  f^.  if  the  angle 
is  26°.  On  the  other  hand,  an  error  of  one  foot  in  distance  causes  an 
error  of  only  0.017  ft.  if  the  angle  is  1®,  but  an  error  of  0.394  if  the  angle 
is  26°. 

As  vertical  angles  can  be  read  easily  to  within  1'  and  distances  to  within 
0.5  ft.,  it  follows  that  for  a  100-ft.  sight  the  maximimi  error  need  not 
exceed  from  0.2  ft.  to  0.3  ft.,  and  will  usually  be  less.  Thus,  for  errors  of 
2'  and  of  i  ft.,  the  total  error  for  a  1°  anile  is  0.06  +  0.009=0.069  ft., 
while  for  a  26°  angle  it  is  0.04 + 0. 197  «  0.237  It  ( See  also  Limits  of  Error, 
p.  314.) 

(e)  How  dose  shovld  distances  and  vertical  angles  he  measuredf  If  the 
vertical  angle  is  estimated  to  the  nearest  15'  the  angular  error  will  not 
exceed  6'  or  7',  and  if  the  stadia  is  read  to  the  nearest  foot  the  linear 
error  will  not  exceed  ^  ft.  Hence  for  a  lOO-ft.  sight  the  total  error  of  ele- 
vation due  to  errors  of  6'  and  i  ft.  is  for  a  vertical  angle  of,  say,  14°.  0.16  + 
0.118=0.28  ft.,  or  about  0.S  ft.;  for  26°  it  is  0.11+0.19=0.5  ft.  For 
errors  of  6'  and  1  ft.,  the  total  error  for  14°  is  0.16+0.236  =  0.39,  or  about 
0.4  ft.  For  a  300-ft.  sight  errors  of,  say,  6'  in  a  14°  angle  and  1  ft.  in  distance 
would  result  in  a  total  error  in  elevation  of  about  0.48 +0.236  =  (7.72  ft. 

(/)  In  most  stadia  work,  especially  in  topographic  surveying,  elevations 
are  required  to  the  nearest  foot  only,  and  hence  for  such  work  it  is  not 
necessary  to  read  the  vernier  for  vertical  angles:  estimate  to  the  nearest  15', 
reading  directly  from  the  vertical  circle  itself.  Read  distances  to  the  nearest 
foot.  It  is  seen  from  the  above  that  this  should  give  elevations,  as  a  rule, 
to  within  0.5  ft.     (See  also  Limits  of  Error,  p.  314.; 

383.  Stadia  Surveys  are  those  in  which  the  stadia  is  used 
for  linear  measurements  instead  of  the  chain  or  tape.  This  is 
the  only  difference.  The  same  methods  are  used  for  running 
transit  lines  (Chapter  XII)  and  for  locating  details  (Chapter 
XIII),  as  in  other  kinds  of  surveys,  and  the  suggestions  for 
choosing  stations,  running  transit  lines,  and  carrying  on  field- 
work  given  in  Chapter  XIV  hold  good.  Additional  suggestions 
pertinent  to  stadia  surveying  are  given  below. 

Practical  suggestions,  (1)  Always  read  the  distance  between  stations 
twice — once  when  the  transit  is  at  one  station,  a  second  time  when  the 
transit  has  been  moved  to  the  other  station.  Record  both  readings,  even 
if  they  agree.  (2)  Important  side  shots  may  be  checked  by  taking  a  half 
reading,  using  the  middle  hair  and  a  stadia-wire,  and  then  a  full  reading, 
using  the  two  stadia-wires.  Enter  both  readings  in  the  notes.  (3)  Since 
the  stadia  method  is  best  adapted  for  comparatively  rough  work,  and 
since  such  work  is  not  usually  done  in  the  city,  but  outside  in  places  where 
local  attraction  is  not  so  likely  to  exist,  the  f^zimvvtVi  )p(ietYiod  ^v«  ^^  ^"Ci.^ 
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156)  is  a  favorite  method  for  stadia  surves^ng.  (4)  When  takini;  aaimiitha 
or  angles  to  important  points,  such  as  transit  stations,  hold  the  rod  edge* 
wise  towards  the  transit.  (5)  Keep  in  mind  the  limits  of  error,  and  do 
not  waste  time  on  needless  refinements  in  setting  up,  leveling  up,  and 
manipulating  the  transit.  (6)  Read  the  stadia  first,  then  signal  to  the 
rodman  to  move  to  the  next  point,  and  read  the  vertical  an^le  while  he 
Is  going  there. 

384.  Forms  of  Notes.  The  forms  of  notes  given  in  Chapter 
XV  may  be  modified  easily  to  suit  stadia  surveying.  The  prin- 
cipal addition  is  a  column  for  vertical  angles,  and  frequdiltly 
another  column  for  corrected  distances.  When  elevations  are 
taken,  colunms  are  also  added  for  vertical  distances  and  eleva- 
tions. When  these  last  two  colunms  and  the  corrected  dis- 
tances are  computed  in  the  office,  the  values  may  be  inserted 
in  red  ink.  The  form  of  notes  will  depend  largely  upon  whether 
the  azimuth  method,  the  angle  method,  or  some  other  method 
of  field-work  is  used.  Some  of  the  forms  of  tabulating  notes 
are  given  below,  and  these  forms  will  suggest  others.  The 
notes  shown  are  those  on  the  left-hand  page  of  the  note-book, 
and  it  is  imderstood  that  these  are  supplemented  by  sketchoi 
and  explanatory  notes  not  shown  here,  but  placed  on  the  oppo- 
site page  in  the  field  book. 

Form  10 


Line 

AB 
Az 


Azimuth 


Stadia 
Distance 

286.0 

121.5 


Verticai 
Angle 

+8'' 30' 

-r5d 


Corrected  Distances 


Horizontal 
279.8 
J  19.4 


Vertical 

624-.  76 
+41. 81 
567.25 

-15.7 


(a)  Interpretation,  Form  10  is  similar  to  Form  7,  p.  174. 
Unless  the  notes  are  plotted  in  the  field  the  last  two  columns 
may  be  worked  up  in  the  office.  The  bearing  S.  50**  30^  E. 
checks  the  azimuth  129°  28'  as  closely  as  the  needle  can  be 
read;  this  bearing  was  recorded  because  AB  is  a.  line  between 
stations,  and  it  is  well  for  the  notes  to  indicate  that  the  azi- 
muths of  important  lines,  such  as  transit  fines,  were  checked  by 
needle-readings.  The  azimuth  of  A2  may  have  been  checked 
also  by  glancing  at  the  needle,  but  it  was  hardly  worth  while 
U?  record  this  bearing,  as  ^1 2  is  a  side-ehot. 
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The  elevation  of  the  bench-mark  from  which  the  rod  was  set 
(582.95  ft.,  see  Form  12)  should  be  entered  in  the  notes — on 
the  right-hand  page  if  there  is  no  place  for  it  on  the  left-hand 
page.  The  distance  286.0  appears  in  the  notes  only  once,  but 
if  the  notes  were  continued  to  include  those  taken  at  Sta.  B 
the  check  value  would  be  recorded  as  BA,  since  the  stadia 
reading  is  taken  from  B,  The  elevations  ^24.76  and  567.25  for 
B  and  2  respectively,  if  worked  out  in  the  office,  would  better  be 
entered  in  red  ink. 

Form  11 


/ 


Angle 

DAB 
DA2 


50'40' 


line 


AB 
Az 


Stadia 
Distance 

286.0 
121.5 


Vertical 
Angle 

■^8' 30' 
-7' 30' 


Corrected 
Distance 

279.8 
119.4 


(b)  Interpretation.  This  form  is  the  preceding  form  modified 
to  suit  the  direct-angle  method  (pp.  120  and  154).  Vertical 
distances  are  not  shown  in  the  notes.  When  these  are  desired, 
another  column,  corresponding  to  the  last  column  in  the  pre- 
ceding form,  maybe  added;  space  for  this  column  may  be 
gained  by  omitting  the  third  column,  provided  it  is  understood 
that  the  last  two  letters  in  the  first  column  indicate  the  Hne 
measured. 

Form  12 


rfb/nf 
Sighfec/ 


Aiimuti) 


Vertical 
Angle 

Transit  at, Station  A . 
helafan  B,M.No.24 


B 


129'' 28' 
I84''54' 


^8' 30' 
-7'30' 


Distance 


Vertical 
Distance 


Target  l^et  for  rctd 
Elei/afion  582.95 


Elei^ation 


279.8 
286.0 
119.4 
121.5 


■^41.81 
-15.7 


624.76 
567  25 
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(c)  Interpretation.  The  magnetic  bearing  is  entered  directly 
above  the  corresponding  azimuth,  and  the  corrected  distance 
directly  above  the  stadia  distance.  This  leaves  the  kust  two 
colunms  for  vertical  distances  and  elevations.  In  topograi^iic 
surveying,  where  a  large  nimiber  of  side  shots  are  taken  in 
locating  contours,  this  is  an  excellent  form.  The  station  ocea- 
pied  and  the  elevation  of  the  reference-point  are  carefully  noted 
at  the  head  of  the  page.  A  sketch  is  put  on  the  opposite  page 
with  points  niunbered  (usually  in  the  order  in  which  the  side 
shots  are  taken),  and  the  names  of  party,  explanatory  notes, 
and  all  data  which  may  be  of  future  use  complete  the  notes. 

As  a  rule,  the  azimuth  to  some  transit  station  wiU  be  the  fint 
entry  after  setting  up.     (Why?    See  precautions,  p.  152.) 

(d)  Sketches.  The  sketches  are  fully  as  important  in  stadia 
surveying  as  in  other  kinds  of  surveying,  because,  as  a  rule, 
the  stadia  is  used  when  a  large  number  of  points  are  located 
from  each  station,  and  the  relative  position  of  these  points 
should  be  clearly  shown.  Suggestions  for  making  sketches  have 
b«en  given  on  p.  167.  In  some  kinds  of  work,  notably  topo* 
graphic  surveying,  notes  are  often  plotted  in  the  field  (p.  347). 

385.  Sources  of  Error  in  Stadia  Surveying.  In  addition 
U>  the  errors  of  ordinary  transit  work  (Chapter  X),  stadia-work 
IS  subject  to  many  of  the  errors  discussed  in  connection,  with 
levying  (Chapter  XXII).  For  example,  it  is  important  that 
the  rod  should  be  plumb,  that  the  rod  and  wires  should  be  in 
focus,  and  that  the  rod  should  be  correctly  graduated.  The 
errors  discussed  here  are  those  peculiar  to  stadia-work. 

1 .  Error  dite  to  change  in  the  wire  interval.  Best  avoided  by 
having  f^ed  stadia- wires,  which  are  not  affected  by  ^lumgaft  of 
temperature  and  are  not  easily  displaced. 

2.  Mistakes  or  blunders  in  reading  the  rod.  Avoided  by  esti- 
mating the  distance  by  eye^  by  taking  a  half -reading  and  then 
a  full  reading;  and  by  readmg  from  each  end  of  a  traverse  lino. 

3.  Error  in  estimating  the  space  on  the  rod  intercepted  by  the 
stadia^wires.  This  error  is  affected  by  the  magnifying  power  of 
the  telescope,  the  fineness  of  the  staaia-wires,  the  character  of 
the  rod  graduations,  the  length  of  sight,  and  atmospheric  con- 
dition^. For  very  long  sights  a  rod  with  two  targets  will  r^ 
duce  the  error;   for  short  sights  a  rod  without  targets  is  better. 

4.  Error  in  determining  the  stadia  interval.  This  is  one  of  the 
most  important  sources  of  error  because  it  is  cumulative.  As 
shown  in  the  next  paragraph,  atmospheric  conditions  affect  the 
accuracy  with  which  the  stadia  interval  may  be  determined. 

5.  Bef Taction.     Mr.  L.  W.  Smith  of  the  University  of  Wisoon- 
has  shown    that   '' differential   leiiSLClVoio!'   ^.^^  \uaeqiaal 
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refraction  due  to  varying  densities  in  different  strata  of 
air)  is  a  source  of  cumulative  error  in  stadia  -  work.* 
The  stratum  of  air  within  three  or  four  feet  of  the  ground 
is  of  greater  density  than  the  air  above.  Between  the 
hours  of  7.00  a.m.  and  9.00  a.m.,  and  between  the  hours  of 
2.30  P.M.  and  7.00  p.m.,  this  difference  in  density  is  compara- 
tively slight,  and  does  not  seriously  affect  stadia  readings  ;  but 
during  the  midday  hours  of  from  9.00  a.m.  to  2.30  p.m.  the  den- 
sity of  the  lower  stratum  is  incre&aed  upward  by  the  radiation 
of  the  earth's  heat.  The  depth  of  this  stratum  varies  for  dif- 
ferent hours  and  seasons,  but  is  never  over  four  feet.  A  ray 
of  light  above  this  stratum  is  not  greatly  affected,  but  a  ray  of 
light  passing  through  it  is  bent  upward.  Hence  the  space  on  a 
rod  included  between  the  upper  and  lower  rays  is  less  at  noon 
than  in  the  morning,  and  the  error  is  enou^  to  seriously  affect 
stadia-work  where  results  of,  say,  -j^^  or  better  are  desired. 
Hence  the  following: 

Practical  concliLsions.  (1)  A  stadia  interval  determined  dur- 
ing midday  hours  will  give  distances  too  long  when  these  dis- 
tances are  read  during  early  or  late  hours,  and,  vice  versa,  if  the 
interval  is  determin^  during  early  or  late  hours  of  the  day, 
distances  read  during  midday  hours  will  be  too  short.  (VVhy?) 
Hence  do  not  attempt  accurate  work  during  hours  which  do  not 
correspond  to  your  interval  determination..  (2)  If  work  is  to 
be  carried  on  all  day,  determine  the  stadia  interval  by  tests 
made  at  different  hours  throughout  the  day.  (3)  During  mid- 
day hours  do  not  take  sights  which  require  the  line  of  sight  to 
pass  nearer  than  3  ft.  to  the  ground, — for  long  sights  use  a  half- 
reading  on  the  upper  portion  of  the  rod. 

386.  Limits  of  Error.  Two  questions  arise  in  discussing 
limits  of  error  in  stadia  surveying,  viz.:  (1)  With  what  degree 
of  precision  can  a  single  horizontal  distance  be  measured  or  a 
single  difference  in  elevation  be  found?  (2)  What  error  may 
be  expected  in  nmning  long  lines  where  the  errors  from  different 
set-ups  are  likely  to  be  compensating? 

(a)  Errors  of  separate  horizontal  measurements.  From  a  series 
of  tests  by  125  of  the  author's  students  it  would  appear  that 
the  probable  error  of  sighting  is  not  likely  to  exceed  one  foot 
up  to  a  distance  of  400  ft.  The  mean  of  ten  probable  errors 
of  a  single  observation  for  each  of  four  distances  is  given  below. 
Each  probable  error  was  found  from  at  least  25  readings  by 
different  students,  several  transits  being  used.  The  mean  of 
the  probable  errors  involves  therefore  approximately  250  read- 
ings for  each  distance.f 

♦  See  Eng.  News,  June  6,  1895. 

t  See  a  paper  by  the  author  on  "Some  Tests  in  Sighting  at  Leveling- 
rods  and  Stadia-rods,"  Proceedings  of  Connecticut  Society  of  Cvuil  Bx^ 
omeerst  1907;  also  Engineering  News.  March  21,  1907. 


314  STADIA  SURVEYING 

Distance 90-125  ft.   185-210  ft.   285-300  ft.   41&H05fi 

Mean  of  probable  errors...       0.51ft.        0.72  ft.         0.83  ft.         0.03  ft. 

These  results  do  not  indicate  the  discrepancies  to  be  expected 
between  tape  measurements  and  stadia  measurements,  sinoe 
such  discrepancies  will  involve  constant  errors,  which  are  not 
involved  in  the  mere  act  of  reading  the  rod,  such,  for  example 
as  errors  in  the  wire  interval  and  errors  in  rod  graduations.  In 
order,  therefore,  to  determine  what  the  discrepancies  really 
were,  each  of  the  distances  was  measured  with  a  tape.  Each 
quantity  in  the  following  table  is  the  mean  of  approximately 
50  discrepancies,  i.e.,  the  readings  of  approximately  50  students 
at  each  transit  and  for  each  distance  were  compared  with  the 
tape  measurement  for  that  distance  and  the  mean  of  the  50 
discrepancies  entered  in  the  table. 

Mean  Discrepancies  between  Stadia  and  Tape  MEASUBXitENTs 

Distance 90-125  185-210  285-300  415-435 

Transit  No.  1 0.58  0.66  1.37  1.77 

••     2 0.65  1.30  1.09  1.30 

••    3 0.57  0.65  0.73  1.87 

••    4 0.44  0.63  0.93  0.99 

Mean 0.56  0.81  1.03  1.48 

Minimum. 0.44  0.63  0.73  0.99 

Maximum 0.65  1.30  1.37  1.87 

The  above  results  were  obtained  imder  unfavorable  con- 
ditions. 

With  reasonable  care  the  discrepancies  in  practice  should 
rarely  exceed  the  mean  discrepancies  of  0.5,  0.8,  1.0,  and  1.5  ft. 
respectively,  and  will  frequently  be  less  than  the  minimum 
values  of  0.4,  0.6,  0.7,  and  1.0  ft. 

(6)  The  error  in  a  single  difference  of  elevation  is  due  to  two 
principal  errors,  viz.,  (1)  the  error  in  the  stadia  distance  and 
(2)  the  error  in  the  vertical  angle.  The  error  in  the  vertical 
angle  seldom  exceeds  5'  of  arc,  and  if  necessary  it  can  easily 
be  reduced  to  less  than  one  minute.  The  mean  discrepancy  in 
distance  may  be  taken  from  the  preceding  table  as  0.6  ft.  for 
a  100-ft.  sight,  1.0  ft.  for  a  300-ft.  sight,  and  1.5  ft.  for  a  400-ft. 
sight.  The  total  errors  given  below  are  based  on  these  dis- 
crepancies, combined  with  errors  in  vertical  angles  of  1'  and 
5'  respectively. 

3<»  5**  10*  15*»  25*» 

Distance.  1'  5'  I'  5'  V  5'  1'  5'  1'      5' 

100±0.6  .05  .15  .08  .20  15  .25  .20  .25  .25     .35 

300±1.0  .15  .45  .20  .55  .25  .60  .35  .70  .50     .80 

40D±1.5  .20  .60  .25  .75  .35  .86  .45  .90  .70  1.06 
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The  above  results  indicate  the  maximum  errors  likely  to  occur 
in  ordinary  work  with  an  instrument  in  good  adjustment. 

(c)  Limits  of  error  for  a  seriec  of  lines.  The  accuracy  with 
which  a  single  horizontal  distance  may  be  measured  and  a 
single  elevation  obtained  by  stadia  methods  has  been  indicated 
above.  Since  a  stadia  traverse  is  a  combination  of  ipany  meas- 
urements, and  since  most  errors  of  stadia  work  are  compensat- 
ing, the  total  error  may  be  expected  to  vary  about  as  the  square 
root  of  the  length  of  the  traverse  (p.  45).  For  ordinary  worl 
the  total  error  in  feet  should  not  exceed  OM^/D  (in  which  D=* 
total  distance  in  feet),  and  with  proper  precautipns,  such  as 
those  indicated  in  the  last  article,  this  limit  can  be  greatly  de- 
creased. Smith,  in  his  experiments  measuring  a  base-line 
nearly  a  mile  and  a  half  long,  got  as  the  average  error  of  13 
measurements  ^^jf,  these  measurements  being  taken  under  or- 
dinary field  conditions  and  at  different  hours  of  the  day.  The 
average  error  of  five  afternoon  measurements  was  as  low  as  s^frs. 

NUe,  The  error  of  closure  depends  upon  angular  as  well  as  linear 
measurements  (p.  160),  so  that  results  are  nut  purely  those  of  stadia-work. 
A  very  complete  comparison  of  stadia  and  base-line  work  is  given  in  the 
Enffineering  News,  June  2^,  1900,  in  an  articleon  the  surveys  of  the  Osuego- 
Monawk  Ship  Canal  Route.  The  total  errors  of  stadia  measuren  ents  as 
compared  with  tho:^e  made  with  the  steel  tape  are  given  for  varying  dis- 
tances. By  selecting  different  distances  and  u^iing  the  corresponding 
results  as  given  in  that  article,  one  can  obtain  different  ratios  of  precision. 
Thus  for  one  distanca  of  2000  ft.,  selected  at  random,  a  ratio  of  brJo  is 
obtained,  while  for  another  distance  of  21  580  ft.  the  ratio  is  founcf  to  be 
nio.  These  ratios  were  calculated  from  the  discrepancies  between  stadia 
measurements  and  tape  measurements  of  the  same  lines.  The  discrepan- 
cies in  elevation  found  bv  comparing  stadia  elevations  with  those  ob- 
tain?5 1  with  the  spirit-level  were  0.04  ft  for  the  2000  ft.,  and  0.49  ft.  for 
the  29  580  ft.  It  is  to  be  noted  that  the  ground  covered  was  very  favor- 
able for  leveling  operations. 

Limits  .of  error  for  given  conditions  may  be  determined  after  a  short 
time  in  the  field,  and  this  is  the  best  course  to  pursue  if  the  survey  is  ex- 
tensive enough  to  warrant  it. 

387.  Practical  Suggestions, — Summary. 

1.  Determine  the  constant  C=c-\-f  and  do  not  forget  to  adt 
it  to  each  reading. 

2.  Adjust  the  stadia-wires  before  beginning  a  survey.  If  fixed 
wires  are  used,  see  that  the  rod  is  graduated  to  correspond,  or 
else  determine  an  interval  factor.  Slight  errors  in  the  rod  may 
be  ignored  in  rough  work. 

3.  As  a  rule,  sight  at  a  point  about  as  far  from  the  bottom 
of  the  rod  as  the  telescope  is  above  the  ground,  and  then  bring 
either  the  upper  or  lower  wire  to  coincide  with  an  even-foot 
mark.  When  the  stadia- wires  are  coarse,  lower  the  telescope 
until  the  even-foot  mark  can  just  be  seen  over  one  wire,  and  thea 
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look  just  above  the  other  wire,  thus  getting  the  distance  more 
exactly  than  if  the  marks  were  entirely  covered  by  the  wires. 

4.  In  reading  the  rod  do  not  mistake  the  middle  hair  for  a 
stadia-wire  ;  do  not  omit  even  hundred  feet  or  multiples  of  ten 
feet — as,  for  example,  189  in  place  of  289,  and  129  in  place  of  139. 
Form  the  habit  of  estimating  distances  by  eye  to  guard  against 
mistakes  of  an  even  100  ft.  and  the  mistake  of  reading  the 
middle  cross-hair. 

5.  The  best  results  for  single  sights  are  obtained  when  the 
distance  does  not  exceed  300  ft.  When  the  total  length  of  a 
line  is  found  by  adding  a  number  of  readings  together,  com- 
pensating errors  affect  the  result,  and  longer  sights  are  often 
better. 

6.  When  the  distance  between  two  stations  is  too  great  for  a 
single  si^t,  assume  a  point  about  midway  between,  read  the 
distance  to  this  point  from  each  station,  and  add  the  two  read- 
ings.    (What  is  the  chief  objection  to  this  method?) 

7.  When  only  a  small  portion  of  the  rod  can  be  seen,  take  a 
half-reading  and  multiply  by  two.  This  cannot  be  done  unless 
the  middle  hair  is  half-way  between  the  other  two. 

8.  Do  not  forget  to  read  and  record  the  vertical  angle  when 
the  line  of  sight  is  inclined  more  than  from  3^  to  5°. 

9.  Make  it  a  rule  to  read  distances  between  stations  tioicef 
once  from  each  station,  and  enter  both  readings  in  the  notes. 

10.  Important  side-shots  may  be  checked  by  taking  a  half- 
reading  and  then  a  whole  reading.  If  the  middle  hair  is  not 
half-way  between  the  other  two,  take  three  readings,  two  of 
which  added  together  should  equal  the  third. 

When  Elevations  are  Required 

11.  Assuming  that  the  target  has  been  set,  either  by  holding 
the  rod  beside  the  supporting  axis  of  the  telescope  or  by  back- 
sighting  on  some  point  of  known  elevation,  observe  the  follow- 
ing order  of  procedure:  (1)  Read  the  distance.  (2)  Bring  the 
middle  hair  to  the  target  center.  (3)  Signal  the  rodman  to 
move  to  the  next  point  to  be  taken.  (4)  Read  the  vertical 
angle. 

12.  Do  not  forget  to  make  the  field-notes  very  clear  as  to  the 
point  of  reference  for  all  elevations  taken  at  a  given  set-up. 

13.  In  obtaining  elevations  the  longer  the  sight  the  more  care- 
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fully  the  vertical  angle  should  be  read.  The  larger  this  ver- 
tical angle,  the  less  important  are  small  angular  errors  and  the 
more  important  are  small  errors  in  distance.  In  work  where 
elevations  are  required  to  0.5  ft.  and  the  lengths  of  sight  do  not 
exceed  200  or  300  ft.,  read  the  distance  to  the  nearest  foot,  and 
the  vertical  angle  to  the  nearest  fifteen  minutes  without  using 
the  vernier. 

14.  Any  error  in  the  adjustment  of  the  telescope  level-bubble 
affects  materially  the  measurement  of  vertical  angles,  hence 
special  attention  should  be  paid  to  this  adjustment  when 
elevations  are  required. 

15.  Finally,  in  all  stadia-work  keep  the  limits  of  error  in  mind, 
and  do  not  waste  time  on  needless  refinements  in  setting  up^ 
leveling  up  and  manipulating  the  transit. 


CHAPTER  XXVI 

PLANE-TABLE  SURVEYING 

In  this  chapter  five  methods  of  plane-table  surve^rins  are  explained, 
practical  suggestions  for  the  use  of  each  method  are  given,  and  the  difiCn^ 
ent  methods  are  compared.  General  suggestions  for  the  use  of  the  plane- 
table  are  made,  practical  questions  of  field  work  are  discussed,  and  four 
methods  of  solving  the  "three-point  problem''  are  explained. 


388.  The  Plane-table  consists  of  two  parts  :  (1)  the  UMe  or 
board  supported  by  a  tripod,  and  (2)  the  alidade  with  telescope 
attached.  The  edge  of  the  alidade  and  the  axis  of  the  telescope 
are  parallel. 

The  traverse-hoard  is  a  rough  form  of  plane-table,  with  upri^t 
peepHsights  in  place  of  the  telescope. 

389.  Plane-table  Surveying  is  peculiar  in  this  respect — the 
field  work  and  the  plotting  are  ca^ried  on  simultaneously.  The 
board,  with  drawing-paper  stretched  upon  it,  is  brought  into  a 
horizontal  plane  and  kept  there.  The  alidade,  resting  on  the 
board,  may  be  moved  from  place  to  place  on  the  pai>er.  When 
the  telescope  is  pointed  to  any  object,  the  direction  of  the  line 
of  sight  is  transferred  to  the  paper  by  drawing  a  line  along  the 
edge  of  the  alidade.  Linear  measurements,  obtained  by  chain- 
ing or  by  the  stadia,  aro  laid  off  to  any  desired  scale.  Thus,  as 
the  field  work  progresses,  it  is  reproduced  in  map  form  on  the 
board  of  the  plane-table,  step  by  step,  without  the  use  of  other 
instruments,  and  often  without  any  direct  measurements,  an- 
gular or  linear. 

The  plane-table  is  not  intended  for  extremely  accurate  work, 
yet  surprisingly  good  results  may  be  obtained  with  it.  It  is 
especially  useful  for  plotting  indefinite  details,  such  as  roads, 
streams,  and  edges  of  woods,  while  at  the  same  time  more 
definite  details,  such  as  buildings,  bridges,  and  fences,  can  be 
located  accurately  enough  for  most  purposes.    Thus  many  sur- 
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veys  may  be  made  wholly  with  the  plane-table,  as,  for  example, 
surveys  of  parks  and  private  estates,  but  its  chief  use  is  for 
filling  in  the  details  and  contour-lines  of  large  topographic  sur- 
veys where  the  primary  stations  have  been  established  with 
the  transit. 

Advantages  of  the  plane-table  method,  (1)  It  dispenses  with  all 
field-notes  (since  the  survey  is  plotted  as  fast  as  it  progresses), 
and  hence  mistakes  in  recording  measurements  are  avoided. 
(2)  Since  the  map  is  made  in  the  field,  with  the  area  surveyed 
in  plain  view,  it  is  easy  to  see  what  data  are  necessary  and  whethei 
or  not  any  have  been  omitted  which  should  be  obtained.  (3)  By 
means  of  check-lines  (p.  325)  errors  in  measurements  or  in  plot- 
ting are  readily  detected.  (4)  Inaccessible  points  are  easily 
located  without  trigonometric  calculation  (p.  325).  (5)  The 
position  of  a  point  with  respect  to  three  known  points  may  be 
quickly  determined  (Method  7,  p.  4,  three-point  problem). 
(6)  More  ground  can  be  covered  in  a  given  time  than  by  almost 
any  other  method, — and  with  reasonable  accuracy. 

"The  special  advantages  of  the  plane-table  as  a  mapping  instrument 
are  due  to  the  rapidity  with  which  it  obtains  results  by  the  method  of 
graphic  triangulation  and  to  the  facility  it  affords  the  topog^rapher  in  de- 
termining his  position  at  an  imknown  point  by  the  graphic  solution  of 
the  three-point  problem. 

When  the  latter  method  is  applicable — that  is,  when  the  country  is 
open  and  signals  can  be  easily  seen — its  superiority  over  a  system  of 
traverse  lines  is  manifest.  The  topographer  is  then  at  liberty  to  choose 
his  ground  without  reference  to  his  last  station  or  to  the  one  succeeding.  He 
is  not  tied  down  to  a  backsight  nor  restricted  by  the  conditions  imposed 
by  a  foresight.  He  need  not  set  up  His  instrument  on  an  area  barren  of 
detail,  nor  cut  his  way  through  obstacles  (bushes,  hedges,  trees)  to  estab- 
lish a  station  at  a  commanding  point  of  view."  (Wainwright  in  A  Plane" 
table  MamuU.) 

Disadvantages,  (1)  The  plane-table  is  cumbersome,  awk- 
ward to  carry,  and  requires  many  accessories  for  plotting. 
(2)  Under  certain  conditions  of  climate  afid  weather,  the  work 
of  plotting  is  disagreeable  if  not  impossible.  (3)  Angles  are  not 
recorded  in  degrees,  hence  are  of  little  value  for  the  calculation 
of  areas  or  for  other  office  computations.  Areas  may  be  deter- 
mined by  the  planimeter  from  a  plane-table  map,  but  ordinarily 
the  plane-table  is  not  used  for  ascertaining  areas. 

390.  To  Set  Up  the  Plane-table.     Two  things  are  aimed  at; 
(1)  to  get  the  board  level;  (2)  to  get  some  point  on  the  board 
over  a  corresponding  point  on  the  ground  and,  at  the  same  time 
to  have  the  board  properly  oriented. 

(1)  To  get  the  board  level.    Set  the  tripod  approximately  lev^V 
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to  start  with,  two  legs  down-hill.  (See  hints  for  manipulating 
tripod,  p.  88.)  If  the  plane-table  has  leveling-screws,  they  an 
worked  like  those  on  the  transit.  (See  p.  88.)  When  there  are 
only  three  screws,  one  may  be  turned  without  turning  either  of 
the  others — an  advantage  especially  when  the  board  is  approx-^ 
imately  level.  When  the  table  has  a  cup-joint  (ball  and  socket), 
it  is  leveled  by  moving  the  board  with  the  hands;  when  it  is 
nearly  level  it  may  be  moved  slightly  by  tapping  with  the 
hcger.  During  the  process  a  level-bulb  rests  on  the  board; 
it  is  placed  parallel  first  to  one  edge  of  the  board  and  then  to  a 
second  edge  at  right  angles,  occupying  alternately  these  two 
positions  until  the  two  edges  of  the  board  are  both  horisK>ntaL 
(2)  It  is  a  little  difficult  (thou^  not  so  difficult  as  it  is  some- 
times represented  to  be)  to  set  up  a  plane-table  so  that,  altet 
it  is  oriented,  a  point  on  the  map  representing  the  position  of 
the  plane-table  shall  be  exactly  over  the  corresponding  pcunt 
on  the  ground,  imless  the  point  on  the  map  happens  to  be  over 
the  axis  upon  which  the  board  revolves.  In  most  work  accu- 
racy in  this  respect  is  not  essential.  By  alternately  orienting 
and  shifting  the  table  one  can  ordinarily  in  two  or  three  trials 
get  the  position  near  enough  for  all  practical  purposes.  A  de- 
vice for  suspending  the  plumb-bob  from  any  point  on  the  board 
is  usually  furnished  with  the  instrument. 

Practical  ttiggettionB,  (1)  First  get  the  table  approximately  level, 
orienting  it  roughly  by  eye,  or,  better  still  by  the  compass;  then  pick  it 
up  and  move  it  bodily  over  the  station.  (2)  The  tendency  is  to-eet  the 
board  too  high — bring  it  a  little  below  the  elbow,  low  enough  so  that  all 
parts  of  the  board  may  be  reached  easily,  and  yet  high  enou|^  so  that 
sights  may  be  taken  with  comfort.  (3)  How  close  must  the  point  on 
the  table  be  over  the  point  on  the  ground?  The  answer  dep^ndi  upon 
the  limit  of  error  adopted  and  the  scale  of  the  map.  (See  p.  105.)  Thus, 
for  example,  a  displacement  of  one  inch  would  cause  an  angular  error  for 
a  SOO-ft.  sight  of  only  about  30  seconds. 

In  the  greater  part  o£  plane-table  work  the  scale  is  so  small  that  the 
whole  board  may  be  considered  as  a  point. 

391.  Five  Methods  of  Work.  Let  B  be  the  station  occu- 
pied and  b  a  point  on  the  board  directly  over  B,  When  the 
edge  of  the  alidade  is  placed  in  coincidence  with  h,  and  the 
telescope  is  directed  first  to  a  distant  point  A  and  then  to  a 
distant  point  C,  if  the  board  is  level  the  angle  formed  by  the 
two  lines  drawn  on  the  paper  is  the  horizontal  angle  ABC, 
Thus  the  angle  is  represented  graphically  instead  of  being 
measured  and  recorded  in  degrees,  as  in  transit  survq^u^-  In 
ail  other  respects  the  methods  of  locating  points  are  the  same 
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the  analogy  between  transit  work  and  plane-table  i;^oik 
lid  be  kept  in  mind.  Linear  measurements  may  be  made 
chaining  or  by  the  stadia.     In  two  of  the  five  methods 

in  plane-table  work,  linear  measurements  are  not   re- 
&d. 

Radiation.     Method  of  angles  and  distances,  p.  134. 

Progression  or  Traversing.  Corresponds  to  the  azimuth 
lod,  p.  120. 

Radio-progression.     A  combination  of  1  and  2. 

Intersection.    Corresponds  to  triangulation,  p.  137. 

Resection.     A  modification  of  4. 

le  only  linear  measurement  required  in  either  of  the  last 
methods  is  the  length  of  one  base  line. 

le.  In  the  first  five  figures  on  the  following  pages  the  actual  bound- 
are  represented  by  the  large  polygon,  and  these  Doundaries  are  shown 
n  to  smaller  scale  on  rectan^es  representing  the  ^aiie-table. 
studying  these  figures  bear  m  mind  that  the  siie  of  the  plane-table  is 
greatly  exaggerated.  Thus,  for  example,  it  appears  in  Fig.  391  (I) 
i  larger  than  the  house.  It  is  customary  to  ropresent  a  point  on 
round  by  a  capital  letter,  and  its  plotted  position  on  the  plane-table 
e  corresponding  small  letter. 


Flo.  391  (1). 

Radiation.  Method.  Set  up  the  plane-table  in  a  position 
which  all  points  to  be  located  can  be  seen.  Clamp  the 
so  that  it  cannot  revolve.    Stick  a  pin  in  the  boaid  ^1 
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any  convenient  point,  and  let  this  pin  represent  the  point  an 
the  ground  at  which  the  plane-table  stands.  With  the  edge  of 
the  alidade  against  the  pin,  draw  radial  b'nes  to  all  points  to 
be  located,  and  mark  off  the  distances  to  these  points  to  scide. 
(Method  corresponds  to  that  illustrated  in  Fig.  195  (a),  p.  134.) 

lUtLstration.  In  Fig.  391  CI)  the  radial  lines  are  drawn  to  the  four  cor- 
ners of  the  lot  and  to  three  corners  of  the  house.  The  distance  to  these 
points  as  fast  as  they  were  measured  were  laid  off  to  scale  on  the  ooire- 
sponding  radial  lines. 

Practical  suggestions.  (I)  Choose  a  position  for  the  pin  such  that  no 
point  to  be  plotted  will  fall  outside  of  the  limits  of  the  paper.  (2)  In  the 
illustration  shown  it  would  be  well  to  measure  the  lengths  of  the  boundai^- 
lines  and  scale  the  corresponding  distances  ab,  be,  cd,  and  da  to  see  if 
they  a|n*ee.  (3)  The  house  is,  of  course,  "measured  up"  to  locate  the 
remaimng  three  corners. 

Comments.  This  method  is  employed  chiefly  in  combination  with  (Hxne 
other  method;  otherwise  its  use  would  be  restricted  to- a  comparativdy 
small  area,  i.e  ,  the  ground  which  can  be  covered  from  a  single  set-up- 

II.  Progression  or  Traversing.  In  this  method  the  planfr- 
table  may  be  moved  from  one  station  to  another.  After  setting 
up  over  one  station,  the  first  thing  to  do  is  to  orient  the  table. 


Fig.  391  (II). 


This  is  done  by  making  the  edge  of  the  alidade  pass  through  ' 
the  plotted  positions  of  two  stations,  one  of  which  must  com^ 
^pond  to  the  station  at  which  the  plane-table  stands  ;  the  table  is 
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then  revolved  until  the  line  of  sight  is  directed  to  the  other 
station.  This  usually  amounts  to  backsighting  on  the  preced- 
ing station,  as  in  transit  surveying;  hence  this  method  corre- 
sponds to  the  amizuth  method  (p.  120). 

lUtutratum,  Required  to  plot  the  boundary-lines  ii  BCD  in  Fig  301  (II). 
Set  up  at  any  comer  as  C,  Choose  a  corresponding  point  c  on  the  board, 
and  draw  cb  with  the  alidade  directed  to  B,  Measure  the  distance  from 
C  to  S  and  lay  it  off  to  scale,  thus  establishing  6.  Set  up  at  B,  make  the 
edge  of  the  ahdade  pass  through  b  and  c,  turn  the  table  until  the  hne  of 
sight  strikes  C,  and  clamp.  The  table  is  now  oriented.  Sight  at  A.  draw 
ba,  measure  BA,  lay  off  the  distance  to  a.  Set  up  at  A^  orient  as  before 
by  sighting  along  ab  to  B,  draw  ad,  measure  AD,  and  lay  off  the  distance 
to  d.  Thus  any  number  of  stations  may  be  plotted  one  after  the  other. 
In  Fig.  391  (II),  the  lines  on  the  board  are  numbered  in  the  order  in  which 
they  were  drawn. 

Pructioal  suggestions,^  (1)  When  the  area  covered  is  small  and  the 
scale  adopted  is  large,  it  may  be  necessary  to  set  up  so  that  the  station 
at  which  the  plane-table  stands  is  exactly  under  the  corresponding  point 
on  the  board  (p.  320).  (2)  Choose  the  first  line  cb  with  due  re^rd  to  the 
limits  of  the  paper.  (3)  After  orienting  at  A,  if  the  alidade  is  made  to 
pass  through  cu;,  the  line  of  sight  should  strike  C.  Such  checks  as  this 
should  be  used  constantly.  (4)  It  is  not  necessary  to  set  up  at  the  last 
station  D  except  as  a  check.  (5)  The  house  or  any  other  detail  could  be 
located  from  the  most  convenient  station  by  the  preceding  method  of 
radiation,  oi  by  the  next  method  of  intersection.  (6)  If  it  is  impracticable 
to  set  up  over  boundary  corners  (as  is  usually  the  case),  establish  stations 
and  corresponding  reference-lines  inside  or  outside  the  boundaries,  as  in 
transit  surveying.     (See  pp.  14i  and  150.) 

Question.  How  could  the  work  have  been  started  at  C  so  as  to  plot  the 
four  comers  in  two  set-ups,  counting  the  one  at  C  7  How  could  the  posi- 
tions of  d  and  a  be  checked  in  this  case? 

Comments.  This  method  requires  all  stations  to  be  accessible.  It  is 
used  for  the  main  Unes  of  a  survey  (corresponding  to  transit  lines), 
the  details  being  located  in  some  other  way.  It  is  especially  adapted  to 
surveys  of  roads,  streams,  etc.,  the  stations  being  chosen  at  the  bends,  while 
the  sides  of  the  road  or  banks  of  the  stream  are  located  by  offsets, — build- 
ings, fence-comers,  etc.,  by  radiation.  Frequentlv  offsets  may  be  sketched 
in  by  the  eye.     The  method  is  often  used  for  filling  in  details  of  a  topo- 

f graphic  survey,  the  primary  stations  of  which  have  been  previously  estab- 
ished  by  triangulation  with  more  accurate  instruments.     These  primary 
stations  are  a  valuable  check  on  the  plane-table  work. 

III.  Radio-progression,  A  combination  of  the  first  two 
methods  just  explained.  Characteristic  features:  (1)  The 
table  is  always  set  up  with  its  center  directly  over  the  station 
occupied;  (2)  for  all  sights  at  all  stations  the  edge  of  the  ali- 
dade passes  through  the  same  point  on  the  prper,  i.e.,  a  point 
over  the  axis  around  which  the  table  revolves;  (3)  the  direction 
of  any  line  of  sight  is  transferred  from. the  center  of  the  board 
to  the  point  representing  the  station  occupied,  by  drawing 
through  this  point  a  line  parallel  to  the  edge  of  the  alidade. 

Illustration.  In  Fig.  391  (III)  lines  of  sight  are  represented  by  broken 
lines, — the  lines  actually  drawn  on  the  table  by  full  lines.  Set  up  at  A, 
With  the  center  of  the  table  over  the  station.  Stick  a  pin  in  at  the  center 
of  the  table,  and  with  the  edge  of  the  alidade  against  the  pin,  sight  at  D, 
Assume  a  point  a  and  draw  the  line  ad  parallel  to  the  edge  of  the  aAxd&^A«, 
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In  like  tnanner  siglii  on  B  and  B  and  draw  the  eOffBapoiMfing  parallel 
hnea  ab  and  ae.  The  distaneee  AD,  AE,  and  AB  are  meaenied,  and  the 
corresponding  distances  ad,  ae,  and  ab  are  laid  oSl  to  scale.  Move  the 
board  to  B,  orient  by  sighting  at  A  (ed^e  of  alidade  par^Qel  to  (a).  As 
a  checlc,  si^^t  at  D  and  see  if  a  line  parallel  to  the  edge  of  the  altdmdepmMem 
through  both  b  and  d.  Determine  points  c  and  /  by  drawing  from  6  lines 
parallel  to  the  corresponding  lines  of  sight  in  the  usual  manner.  It  is  not 
necessary  to  go  beyond  this  station,  except  to  check  the  work,  but  in  this 
case  the  plane-table  was  again  set  up  at  C,  the  location  of  d  checked  by 
sitting  at  D,  and  a  third  comer  a  of  the  house  was  plotted. 

Praetieal  tuogeetione.     (1)  Parallel  lines  may  be  drawn  by  placing  one 
edge  of  a  triangle  in  perfect  contact  with  an  edge  of  the  alidade,  and  then 
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Fig.  391  (III). 

sliding  this  triangle  along  the  edge  of  a  second  triangle,  as  in  onttnary 
drafting.  If  the  two  edges  of  the  alidade  are  parallel,  place  the  triangle 
against  either  edge  as  may  be  most  convenient.  (2)  In  the  illnstration 
shown,  the  house  could  have  been  located  wholly  from  A,  the  most  con- 
venient station.  Two  or  three  comers  having  been  located,  the  others 
are  fotmd  by  measuring  the  sides  of  the  house.  The  lengths  of  the  bound- 
ary-lines should  be  measured  also.  (3)  If  in  orienting  at  S  it  is  neces- 
sary to  make  the  edge  of  the  alidade  parallel  to  6a,  extra  woik  is  involved; 
moreo\'er,  ba  may  be  too  short  for  accuracy  It  is  b^ter  to  draw  a  lom| 
line  through  the  center  of  the  table  before  leaving  A,  by  pointing  the  alw 
da(}e  to  B,  and  use  this  line  for  orienting  at  B.  This  means  that  a  number 
of  such  lines  will  eventually  be  drawn  through  the  center  of  the  table  for 
pumoses  of  orienting  it:  hence  it  Ls  better  to  omit  the  center  portion  of 
each  line,  drawing  the  two  ends  only.       ,     ,  .  .  _        ,     ^    ,  ^ 

Commente.  The  radio-progfression  method  is  especuiUy  adapted  to  map- 
ping small  areas  to  large  scale.  i.e.,  when  one  mxist  be  partioular  to  have 
a  ♦riven  point  on  the  table  directly  over  the  station  occupied.  When  many 
noints  are  to  be  plotted  from  anv  one  station,  much  time  Is  wasted  m  draw- 
In^  parallel  fines, — it  is  better  to  set  the  station  on  the  board  <firectly  over 
the  tftBtioD  on  the  ground  and  use  the  first  two  methods. 
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IV,  Intersection.  This  method  corresponds  to  triangula- 
tion  (see  Fig.  196,  p.  137);  one  distance  being  known,  no  further 
linear  measurements  are  required.  The  first  thing  to  do  after 
setting  up  the  plane-table  is  to  orient  it  as  in  the  preceding 
methods.  The'  work  then  consists  in  drawing  radial  lines  to 
the  points  which  are  to  be  located.  The  distances  will  not  be 
determined  until  these  hnes  are  intersected  by  corresponding 
lines  to  the  same  points,  drawn  at  some  other  station. 


Fig.  391  (IV) 

Illustration.  Figure  391  (IV)  is  practically  self-expl^iDing.  The  table 
Was  first  set  up  at  C,  the  length  of  C^' measured,  and  the  line  c6  plotted. 
Lines  2,  3,  4,  and  5  of  indefinite  length  were  then  drawn,  the  table  moved 
to  B,  oriented,  and  lines  6,  7,  8,  and  9  drawn  to  determine  the  points  of 
intersection  rf,  ^,  /,  and  a.  Had  it  been  necessary  to  locate  other  points 
not  visible  from  C,  but  visible  from  both  B  and  A,  the  line  ab  coulci  have 
been  used  as  a  base-Une  in  exactly  the  same  way.  Thus  the  plane-table 
can  be  moved  from  station  to  station  until  all  the  ground  is  covered. 

Suggestions.  (1)  As  in  all  tnangulation,  stations  should  be  chot«n  so 
that  intersections  are  definite  and  not  too  obl*que.  (See  p.  191.)  (2)  As 
this  method  is  usually  used  for  large  areas  plotted  to  small  s<^e,  it  is  sel- 
dom necessary  to  set  up  so  that  the  point  on  the  table  is  exactly  over  the 
station  on  the  ground.  (3)  If  a  point  cannot  be  located  by  a  definite 
intersection  from  two  given  stations,  consider  if  it  cannot  be  located  more 
definitely  from  two  other  stations, — this  suggests  a  method  of  check-lines, 
i.e.,^  locate  points  occasionally  from  at  least  three  stations.  (4)  It  is  often 
desirable  to  sight  on  a  church-steeple,  the  top  of  a  tree,  or  some  other 
prominent  landmark  merely  as  a  check,  even  though  the  location  of  the 
pcnnt  it*elf  is  of  no  consequence.  Haying  oriented  a  table,  it  is  very  reas- 
suring to  direct  the  line  of  sight  at  a  distant  object  and  to  find  that  the  ed^e 
kA  the  ahdade  passes  through  the  corresponding^  povDK.  alxo^A^  ^^oXN^ 
from  other  stations. 
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Commmti.  This  method  is  especially  oseful  for  plotting  inAeemtibU 
points,  and  for  mapping  banks  of  streams,  edess  of  woods,  and  othw 
indefinite  topograpnio  featuies.  As  it  is  difficult  to  choose  stattona  ao 
that  all  intersections  on  the  paper  will  be  definite,  this  method  is  of  neat- 
est value  when  used  in  combination  with  M>me  one  of  the  preceding  meUiods* 
—it  is  espedally  valuable  as  an  occasional  check  on  distant  points. 

V.  Resection.  This  method  is  a  modification  of  the  method 
of  intersectioD .  Its  chief  characteristic  is  that  the  point  de- 
termined by  the  intersecting  lines  is  the  station  occupied  by  ike 
plane-table  at  the  time  those  lines  are  drawn.  This  means  that 
a  plane-table  can  be  set  up  anywhere  and  the  corresponding 
point  on  the  map  can  be  found  by  resection,  provided  three 
points  already  plotted  are  visible  from  the  plane-table.  This 
method  requires  one  linear  measurement — a  base-line. 


FiQ.  391  (V), 


lUuttration.  In  Fig.  391  (V)  set  up  at  C,  assume  e,  direct  the  alidade 
to  B,  measure  CB,  lay  off  cb  to  the  scale  adopted,  and  draw  an  indefinite 
line  2  towards  D.  Set  up  at  D,  orient  the  table  by  sighting  at  C  with 
the  edge  of  the  alidade  along  tiie  line  2;  then  move  the  alidade  to  6,  sight 
at  B, — where  the  edge  of  the  alidade  cuts  the  line  2  will  be  the  p<Hnt  d. 
Draw  an  indefinite  line  3  towards  A.  Set  up  at  A,  orient  the  table,  center 
the  alidade  at  c,  sight  to  C,  and  find  the  intersection  a  with  the  line  3. 
As  a  check,  center  the  alidade  at  a,  sight  to  B,  and  see  if  the  edge  of  tho 
alidade  cuts  6. 

Practical  guqgestions,     (1)  In  setting  up  the  plane-table,  estimate  about 

where  the  station  to  be  plotted  will  come,  and  set  this  point  approximately 

over  the  point  on  the  ground.     i2)  When  there  are  more  than  four  lades 

to  the  survey  a  station  may  ^  plotted  by  sighting  *icr*vBH  the  inclosuie 
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to  any  9tation  previously  plotted.  This  often  gives  a  ohoioe  of  two  or 
more  sights. — it  is  well  to  use  one  for  locating  the  point  on  the  paper,  and 
the  other  for  a  check-sight.  (3)  Details  are  best  located  by  radiation  or 
intersection. 

CommenU.  The  method  of  resection  is  not  a  very  useful  method  except 
in  cases  where  it  becomes  necessary  first  to  occupy  a  station. and  then 
to  locate  it  on  the  map.  The  well-known  three-point  problem  and  the  tw<h 
point  problem  are  problems  in  reaedion,     (See  pp.  320  to  335.) 

392,  The  Five  Methods  Compared — Summary. 

1.  RadicUion.  An  accurate  method,  but  restricted  to  one  set- 
up.    Used  chiefly  in  combination  with  other  methods. 

2.  Progression.  Requires  all  stations  to  be  accessible.  Used 
only  for  locating  sf^ion«.  (Corresponds  to  traversing.  Useful  for 
establishing  mam  lines  of  reference. 

3.  Radio-progression.  Adapted  to  plotting  small  areas  to 
large  scale,  since  the  center  of  the  table  is  always  over  the  sta- 
tion. Not  much  used  if  many  points  are  to  be  plotted  from 
one  station. 

4.  Intersection,  Rec[uires  no  linear  measurements  except  a 
base-line,  and  is  especially  useful  in  plotting  inaccessible  pomts. 
Method  is  inaccurate  when  intersections  are  too  oblique.  Method 
used  chiefly  in  combination  with  other  methods,  Cfspecially  for 
check-sights. 

5.  Resection,    Used  chiefly  for  locating  the  station  occupied. 

393.  Practical  Suggestions  for  Plane-table  Work. 

(a)  (1)  The  paper  must  be  selected  and  handled  with  care  in  accurate 
plane-table  work.  Paper  which  has  a  good  surface  for  drawing  hair-Unes 
and  is  least  affected  by  atmospheric  changes  should  be  usedt — for  very 
accurate  work  double-mounted  paper,  for  ordinary  work  single-mounted, — 
where  there  is  much  dampness  celluloid  sheets.  Tinted  paper  is  less  try- 
ing to  the  eyes  than  pure  white.  '(2)  Most  paper  except  the  double- 
mounted  paper  can  be  rolled  and  kept  in  a  metal  cylinder  or  carrying- 
case,— diameter  not  less  than  three  or  four  inches.  It  is  preferable,  how- 
ever, to  cut  sheets  the  size  of  the  board  and  to  keep  them  flcU  in  a  leather 
or  canvas  (»rrying-case.  (3)  Paper  should  be  so^  firmly^  fastened  to  the 
board  that  it  is  practically  a  part  of  it,  so  that  neither  wind  nor  friction  of 
the  alidade  will  disturb  it.  For  this  purpose  spring-clamps,  thumb-tacks, 
or  screw-tacks  are  used.  Spring-clamps  are  unreliable,  andtnterfere  with 
the  free  movement  of  the  ahdade;  thumb-tacks  are  better,  but  the  double- 
screw  tacks  with  which  the  plane-table  boards  of  the  Geological  Survey 
are  provided  are  perhaps  the  best  for  the  purpose.  In  any  case  the  paper 
must  be  stretched  tight  and  smooth,  ana  occasionally  it  may  be  worth 
while  to  turn  the  paper  over  the  edges  of  the  board  and  paste  it  under- 
neath. A  waterproof  cover  for  protecting  the  paper  on  the  board  in  case 
of  sudden  rain  is  almost  indispensable.  If  caught  without  it.  turn  the 
board,  upside  down.  (4)  When  more  than  one  sheet  is  used  it  is  sufl^ 
cient  in  ordinary  work  sun  ply  to  transfer  to  one-  sheet  at  le»st  two  points 
from  the  preceding  sheet,  say  the  last  two  stations  occupied.  In  additiom 
it  is  well  to  transfer  such  other  potnts  as  are  likely  to>  be  needed  for  check- 
sights.  Points  ma>  be  pricked  throtigh  from  one  sheet  to  aaother,  of  if 
greater  accuracy  is  required  they  may  be  transfiefredf  by  luagr  of  the  wel^ 
known  methods  used  in  drafting. 

(b)  Manipulation  of  the  plane-table,  (1)  If  there  is  no  slow-motion 
screw  for  turning  the  table  after  it  is  clamped,  it  may  be  turned  slowly 
before  it  is  clamped  by  tapping  a  corner  side  wise  With  the  finger.  After 
clamping  look  again  to  see  that  the  cross-hairs  still  cover  the  point  sighted 
at.  (2)  In  turning  the  aUdade,  steady  the  standard  with  the  left  hand, 
while  the  right  swings  the  rear  end  of  the  ruler.  A  fine  needle  may  ba 
ejmfxk  at  the  point  on  th»  pa{)«r  representing  the  atatioUv^^^*^  ^^^  ^^i^  ^ 
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the  afidade  kept  against  it.  (3)  Be  careful  not  to  disturb  the  board  after 
it  is  oriented  by  leaning  heavily  on  it,  or  by  contact  with  its  ed^e.  The 
less  the  weight  of  the  ahdade  rests  near  the  edge  of  the  board  the  better. 

(c)  Plotting.  (1)  The  pencil  used  should  be  ?iard,  sharpened  at  both 
ends  (round  point  and  chisel  point).  A  smooth  stone  may  be  used  in 
place  of  a  sand-paper  pad,  but  it  is  better  to  have  the  latter  always  at 
hand,  attached  to  the  board  by  a  string.  A  needle  for  pricking  points 
and  a  pencil-eraser  are  also  needed.  A  triangular  scale  is  recommended, 
and  distances  are  laid  off  by  laying  the  edge  of  the  scale  along  the  Une. 
The  method  of  transferring  distances  by  dividers  is  a  poor  one.  (2)  Draw 
as  fine  lines  as  possible,  as  few  lines  as  possible,  and  as  short  lines  as  po^si' 
He.  Coarse  lines  make  accurate  work  out  of  the  question,  and  the  paper 
soon  becomes  covered  with  a  network  of  lines  which  is  bad  enough  when 
reduced  to  a  minimum.  Instead  of  drawing  a  line  the  full  length  of  the 
alidade,  draw  a  short  line  approximately  where  the  point  is  to  be  plotted. 
Points  on  contours  and  similar  points  often  can  be  plotte(^  without  draw- 
ing lines  by  marking  off  distances  along  the  edge  of  tne  alidade  while  it 
is  yet  in  position.  Instead  of  drawing  a  long  line,  as,  for  example,  when 
one  is  to  be  used  for  orienting,  draw  a  short  line  at  each  end  of  the  alidade. 
In  intersections  the  point  is  simply  marked  or  pricked  where  the  second 
line  crosses  the  first, — the  second  line  is  not  drawn.  (3)  Several  points 
on  the  same  straight  line  may  be  located  quickly  by  plotting  the  two 
ends  of  the  line,  anJ  then  intersecting  this  line  by  sights  to  the  remaining 
point.  (4)  Draw  all  lines  close  to  the  straight-edge,  so  that  each  is  hardly 
visible  until  the  straight-edge  is  moved  away;  but  if  any  part  of  the  ed^ 
is  raised  off  the  paper,  be  careful  that  the  pencil  does  not  run  under  it, 
thus  deviating  from  a  straight  line.  (5)  Above  all,  have  sofne  good  system 
of  keeping  track  of  points  and  lines^  so  that  those  plotted  at  one  station 
may  be  easily  identified  when  the  table  has  been  moved  to  scxne  other 
station.     This  is  especially  important  in  the  method  of  intersections. 

id)  General  suggestions.  (1)  Colored  glasses  reUeve  the  strain  upon  the 
eyes.  (2)  Rules  for  cleanUness:  Keep  the  leavings  of  the  pencU-eraser 
and  dust  of  all  kinds  off  the  paper.  Keep  the  triangles  and  the  bottonri  of 
the  alidade  clean.  Do  not  slide  the  alidade  unnecessarily  over  the  paper, — 
lift  it  up  and  set  it  down  again  to  avoid  rubbing.  (3)  At  the  first  set-up 
in  a  survey  draw  a  north  and  south  line  by  means  of  the  compass,  using 
the  edge  of  the  box;  at  the  second  set-up  cneck  it.  (4)  The  firat  thing  to 
do  after  setting  up  and  orienting  the  table  is  to  take  a  check-eight  to 
some  distant  point  which  has  been  previously  plotted, — the  last  thing  to 
do  before  leaving  the  station,  and  at  other  times  when  not  employed,  is 
to  sight  at  the  same  point  to  see  if  the  table  has  been  displaced.  One  of 
the  most  important  precautions  in  all  plane-table  work  is  to  take  check- 
sights  frequently. 

(c)  Verticxil  angles.  Vertical  angles  may  be  measured  if  the  telescope 
has  a  vertical  circle;  this  is  most  necessary  when  the  stadia  is  used  and 
vertical  angles  are  required  for  obtaining  elevations  and  for  reducing  in- 
clined sights  to  the  horizontal,  as  in  transit  surveying. 

394.  Practical  Questions  Relating  to  Field  Work. 

fa)  Choice  of  scale.  If  the  plane-table  work  is  carried  on  in  connection 
with  a  transit  survey,  it  may  be  desirable  to  adont  the  same  scale  as  that 
used  in  the  cffice  for  plotting  the  transit  notes.  This  is  not  essential,  how- 
ever, as  the  plane-table  map  can  be  transferred  easily  to  a  map  of  different 
scale  by  means  of  the  pantogranh  or  by  some  other  method.  Assuming, 
however,  that  the  choice  of  scale  does  not  depend  upon  other  work,  tfe 
following  sugge<«tioas  are  made: 

1.  Choose  a  scale  in  common  use.  For  ordinary  work  some  multiple  of 
ton,  as  10.  20.  30.  40,  50.  60.  80,  100,  or  200  ft.  to  the  inch.  For  govern- 
ment work  standard  scales  are  adopted,  such,  for  example,  as  jvhn  anr* 
animj.     (See  pp.  4<?S  and  489.")  .       .         * 

2.  If  the  size  of  the  map  is  limited,  as.  for  example,  to  the  site  of  the 
board,  estimate  *he  extreme  dimensions, — this  will  still  further  limit  the 
choice  of  scale. 

3.  Choose  a  scale  coasistent  with  the  limit  of  error.  Thus,  for  example, 
if  measurements  to  the  ne«»rest  foot  are  wanted,  80  or  100  ft  to  the  inch 
i^  as  small  a  Rcal«»  as  should  be  used ;  50  f t._  to  the  inch  would  be  better, 

s/'/j,  t!  it  is  rather  difficult  to  plot  to  1&9  of  an  inch. 
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(b)  Choice  of  staii&M,  The  suggestions  givea  on  p.  149  for  choosing 
stations  hold  good,  remembering,  however,  that  in  plane-table  work  it  14 
well  to  have  each  station  visible  from  at  least  three  others,  though  this 
is  not  essentiaL  When  a  plane-table  survey  is  made  in  connection  with 
a  transit  survey,  it  should  begin  at  one  of  the  main  stations  and  be  "tied 
in"  with  other  transit  stations  as  completely  as  may  be  necessary  for 
definite  checks. 

(c)  Methods  of  locating  details  explrined  in  Chapter  XIII  may  be  used, 
modified,  of  course,  to  suit  plane-table  work.  Thus,  for  example,  ofifseta 
often  may  be  paced,  and  details  sketched  in  by  eye.  The  suggBstioos  on 
p.  156  hold  good. 

(d)  What  details  to  take.  In  a  large  s\irvey  it  shoidd  be  clearly  under- 
stood what  details  are  to  be  taken  by  the  plane-table  party,  and  what 
are  to  be  lert  for  other  parties. 

(e)  Limits  of  error  dep)ending  upon  the  nature  of  the  work  in  hand  (sea 
p.  159)  should  be  kept  constantly  in  mind. 

(/)  Sources  of  error.  (1)  Error  in  the  position  of  the  table.  (2)  Error 
when  the  board  is  not  truly  horizontal.  (3)  Error  in  sighting.  (4)  Errors  of 
adjustment.  (5)  Errors  in  drawing  lines.  (6)  Errors  in  laying  off  dis- 
tances to  scale.  (7)  Errors  due  to  the  expansion  and  contraction  of  the 
paper. 

395.  The  Three-point  Problem.  Given:  Three  points,  A, 
B,  and  C,  visible  from  a  station  P  occupied  by  a  plane-4dble;  also 
a  J  b,  and  c,  the  plotted  positions  of  the  three  visible  points.  Be* 
quired:  To  plot  p,  the  position  of  the  station  occupied. 

Remark.  This  is  a  special  case  of  the  method  of  resection  where  the 
position  c^  the  station  occupied  is  the  point  required,  but,  unlike  the  gen* 
eral  case  (p.  326),  no  line  known  to  pass  through  p,  the  required  point,  has 
been  drawn  at  some  previous  set-up,  hence  there  is  no  direct  method  of 
orienting  the  table  as  is  the  case  on  p.  326.  The  problem,  then,  amounts 
to  finding  some  point  p  such  that  when  the  edge  of  the  alidade  is  made 
to  pass  through  v  and  any  one  of  the  points  a,  6,  or  c,  the  table  may  be 
correctly  oriented  by  sighting  at  the  corresponding  point  i4,  B,  or  C,  Thus 
the  solution  of  the  three-point  problem  determines  the  location  on  the 
sheet  of  the  station  occupied  and  orients  the  table  simultaneously.  As 
in  all  forms  of  triangulation,  the  definite  location  of  the  point  depends 
upon  well-proportioned  triangles  and  sharp  intersections. 

Solutions,     (1)  Mechanical.     (2)  Graphic.     (3)  By  trial. 

I.  Mechanical  solution,  (1)  Fasten  a  piece  of  tracing -paper 
to  the  board,  and  assume  a  point  p  to  represent  the  station  oc- 
cupied. (Assume  it  as  near  its  true  position  as  can  be  estimated 
by  eye.)  (2)  Center  alidade  on  p,  and  sighting  successively  on 
the  three  visible  points  A,  jB,  and  C,  draw  lines  of  indefinite 
length  along  the  edge  of  the  alidade.  (3)  Shift  the  tracing- 
paper  until  the  three  lines  pass  through  the  points  a,  b,  and  c 
previously  plotted  from  other  set-ups,  and  prick  the  point  p 
through  to  the  paper.  (4)  With  the  edge  of  the  alidade  passing 
through  p  and  a,  orient  the  table  by  sighting  at  A.  (5)  Take 
check-sights  through  6  and  c  to  B  and  C  respectively.  If,  be- 
cause of  little  inaccuracies,  the  lines  do  not  meet  at  p,  the  tri.. 
angle  of  error  will  usually  be  so  small  that  a  slight  movement 
of  the  board  will  correctly  orient  the  table. 
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CommeAts.  This  mc^thod  is  quick,  and,  under  favorable  circnmstanoes. 
easy  to  use  and  sufficiently  accurate  for  most  purposes.  It  is,  hoiwever, 
soinewhat  dumbersitxne,  and  under  unfavorable  circumstances,  especially 
in  A  high  Wind,  not  very  practicable. 

il.  Graphic  methods*  There  are  several  graphic  methods^ 
but  only  two  will  be  explained. 

(o)  Bessel's  method.  Fig.  395  (a)  represents  the  table  in 
three  positions,  but  over  the  same  station.     (The  three  positions 


Fio.  395  (a). 

correspond  to  the  three  principal  steps.)  Let  A,  B,  and  C  rep- 
resent the  three;  visible  points,  and  a,  b,  and  c  their  plotted 
positions. 

First  step.  (1)  With  the  edge  of  the  alidade  through  c  and 
a,  sight  at  A  and  clamp  the  board.  (2)  Sight  at  B  and  draw  a 
line  of  indefinite  length. 

Second  step.  (1)  Unclamp;  with  the  edge  of  the  alidade 
through  a  and  c,  sight  at  C  and  clamp.  (2)  Sight  at  B  and 
intersect  the  first  line  drawn,  thus  obtaining  the  point  e. 

Third  step.  Draw  eb,  and  unclamp;  with  the  edge  of  the 
alidade  through  b  and  e,  sight  at  B  and  clamp.  Center  on  a 
sight  at  Af  and  intersect  eb  at  p. 

Check.    Center  on  p  and  see  if  c  and  C  are  on  line. 

Comments.  The  objection  to  BesseVs  method  is  that  the  points  e  and 
h  frequently  fall  so  near  together  that  the  direction  of  the  line  between 
them  is  practically  indeterminate ;  or  else  the  point  of  intersection  e  comes 
oflF  the  board  altogether.  In  many  cases  this  difficulty  may  be  over- 
come by  expanding  or  contracting  the  triiangle  formed  by  the  three  fixed 
points  as  follows:  (1)  Draw  a  line  parallel  to  ac,  and  find  its  intersection 
with  each  of  the  lines  ab  and  be.  (2)  Through  the  two  points  thus  found, 
draw  lines  parallel  to  ae  and  ce.  These  lines  will  intersect  in  a  third  point 
of  eb. 


*  For  a  very  complete  treatment  of  the  three-point  problem,  consult  the 
U.  S.  Coast  and  Gieodetic  Survey  Report  for   1880,  also  A  Plane  Table 
Manual,  by  D.  B.  Wainwright,  in  the  Keport  of  1905.     See  also  HaneUfUch 
der  VermeeaunoBkunde,  by  Jordan,  and  Bauemfeind's  Vermeeaungekunde 
Vol  II. 
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Bessel's  solution  is  based  on  the  geometric  principle  that  in  any  inaeribed 
quadriUUeral  the  angle  made  by  one  of  the  aidea  tvith  one  of  the  diagonala  ia 
equal  to  the  angle  made  by  the  oppoaite  aide  with  the  other  diagonal.  The 
hosLvd  of  the  pmne-table  ia  treated  a«  a  point,  i.e.,  compared  with  the  area 
covered  by  the  survey  it  has  no  dimensions. 

(&)  Llano's  method.*  The  three  visible  pomts,  A,  B,  and  C, 
and  their  plotted  positions,  are  taken  in  the  same  relative  posi- 
tions as  in  Fig.  395  (a)  of  the  preceding  method. 


Fig.  395  (6). 

First  step,  (1)  Draw  a  line  perpendicular  to  the  line  ab 
at  its  middle  point,  place  the  alidade  along  this  hne,  sight  at  B 
and  clamp.  (2)  Center  on  a,  sight  at  A,  and  find  the  inter- 
section e. 

Second  step,  (1)  Draw  a  line  perpendicular  to  6c  at  its  mid- 
dle point,  place  the  alidade  along  this  line,  unclamp,  sight  at 
B  and  clamp.  (2)  Center  on  c,  sight  at  C,  and  find  the  inter- 
section /. 

Third  step.  Find  k  (the  required  point)  at  the  intersection 
of  two  arcs,  one  with  6  as  a  center,  and  a  radius  ea,  the  other 
with  /  as  a  center,  and  a  radius  /c. 

Fourth  step.  With  the  edge  of  the  alidade  through  b  and  k, 
orient  by  sighting  at  B,  and  check  by  sighting  through  a  to  A  and 
through  c  to  C, 

Commenta.  If  more  convenient,  find  .k  by  drawing  from  b  a  perpen- 
dicular to  the  line  ef;  A;  is  on  this  p)erpendicular  and  as  far  on  one  side  of 
ef  aa  b  ia  on  the  other.  Llano's  method  fails  when  e  and  /  fall  so  near  to- 
gether that  the  location  of  k  becomes  indefinite. 

III.  Methods  by  trial  are  those  in  which  the  position  of  the 
required  point  is  alternately  assiraied  and  corrected  until   its 
proper  position  is  determined.     The  most  satisfactory  method  of 
procedure  is  that  known  as  the  Coast  Survey  method. 


♦See  Engineering  Newa,  Deo.  29,  1904. 
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(c)  CoABT  SuRYET  METHOD.  (1)  Orient  the  table  as  nearly  as 
can  be  guessed,  first  using  the  compass  to  bring  it  approximately 
into  position,  and  then  estimating  the  position  of  the  point  p 
with  respect  to  a,  6,  and  c,  guided  by  the  rules  given  in  this 
article.  (2)  Clamp,  and  draw  lines  through  a,  b,  and  e  by 
sighting  at  the  corresponding  points  A,  B,  and  C  respecttvely. 
(3)  If  the  table  has  been  oriented  correctly  (which  is  un- 
likely) these  three  lines  will  meet  in  the  required  point  p; 
oliierwise  they  will  intersect,  forming  a  small  triangle  of  erroTf 
or  else  two  of  the  lines  will  be  parallel  and  be  intersected 
by  the  third.  The  position  of  p  can  now  be  estimated  more 
nearly  than  before,  the  table  newly  oriented,  and. the  process 
repeated.  Thus  the  method  is  a  series  of  approximations, 
the  triangle  of  error  becoming  smaller  and  smaller  as  the 
orientation  becomes  more  nearly  correct.  This  method  is 
used  extensively,  especially  by  the  Government  topographers, 
and  is  quick  and  accurate,  more  so  than  would  at  first 
appear. 

Certain  rules  for  guidance  in  estimating  the  position  of  p 
taken  from  A  Plane  Table  Manual*  by  Mr.  D.  B.  Wainwright, 
are  given  below. 

The  relaHve  pptitiont  of  the  three  fixed  pointe  with  reference  to  the  new 
etation  have  an  important  bearing  on  the  strength  of  its  determination. 

In  the  following  statement  in  regard  to  the  different  groupings  of  i>oint8 
met  in  practice,  for  the  sake  of  brevity,  the  term  "fixed  points"  will  be 
understood  to  mean  points  already  determined  and  plotted  on  the  sheet; 
the  * 'great  triangle"  referred  to  is  one  formed  by  the  three  fixed  points, 
and  the  "great  circle"  is  the  circle  passing  through  them. 

W/^en  the  new  station  ia  otUeide  the  great  circle,  the  strength  for  determina- 
tion of  a  position  will  be  weak  when  the  middle  point  as  seen  frcnn  the  new 
station  is  the  farthest  of  the  three  and  the  angles  are  smalL  (See  Illus- 
tration 395  (c).  Fig.  3. )  If  the  new  station  is  located  outside  the  circle,  and 
some  distance  below  it,  the  angles  are  small  and  the  determination  corre- 
spondingly weak. 

The  determination  increases  in  strength  for  given  angles  as  the  middle 
point  approaches  the  new  station.     (Fig.  1.) 

When  one  angle  is  small  or  0°  (points  in  range),  the  determination  will 
be  strong,  provided  the  two  points  making  the  small  angle  or  range  are 
not  too  near  each  other  when  compared  to  the  distances  to  the  new  station 
and  to  the  third  point;  provided  also  the  angle  to  the  third  point  is  not 
toosmall.     (Fig.  2.) 

When  the  new  station  lies  on  or  near  the  great  circle,  its  position  is  inde 
terminate.     (See  Illustration  395  (c),  Fig.  3.) 

When  the  new  station  is  within  the  qreat  circle,  the  strength  of  its  deter- 
mination increases  as  it  approaches  the  center  of  gravity  of  the  great  tri- 
anj^e.     (Figs.  3.  4,  5.) 

There  are  a  number  of  graphic  solutions,  but  all  save  three  are  better 
suited  to  the  drafting-room  with  its  appliances  than  to  the  conditions  which 
exist  in  the  field. 

*  Department    of  Commerce   and  Labor,  IT.    S.    Coar%  find  Geodetic 
Survey,  Appendix  No.  7,  Report  for  1905. 
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Lehmann*9  method  of  solution  is  the  simplest  and  most  diiect»  and  ap- 
plies under  all  circumstances.  The  directions  are  stated  in  the  foim  of 
rules. 

The  term  ** point  aaupht'*  will  be  understood  to  mean  the  true  position 
on  the  sheet  of  the  projected  point  of  the  station  occupied.  The  surveyor 
b  assumed  to  be  facing  the  signals,  and  the  directions  right  and  left  are 
given  accordingly. 

Rule  1.  The  point  sought  is  always  distant  from  eaoh  of  the  three  lines 
drawn  from  the  three  fixed  points  in  proportion  to  the  distances  of  the 
corresponding  actual  points  from  the  station  occupied,  and  it  will  always  be 
found  on  the  corresponding  side  of  each  of  the  lines  drawn  from  the  fixed 
points.  * 

The  simplest  case  for  the  application  of  this  rule  occurs  when  the  station 
fo  be  determined  is  within  the  triangle  formed  by  the  three  fixed  points; 
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the  point  sought  mu^  then  be  within  the  triangle  of  error  to  satisfy  the 
conditions.     (See  Illustration  305  (c).  Fig.  5.) 

Although  Rule  1  is  sufficient  in  itself  for  the  solution  of  the  problem, 
there  are  two  subordinate  rules  which  materially  assist  the  topographer 
in  reaching  a  decision  as  to  the  proper  location  of  the  point  sought  with 
reference  to  the  lines  from  the  fixea  points. 

Rule  i.  When  the  point  sought  is  without  the  great  circle,  it  is  always 
on  the  same  side  of  the  line  from  the  most  distant  point  as  the  intersection 
of  the  other  two  lines.     (See  Illustration  395  (c).  Fig.  1.) 

*  That  IS,  if  it  is  on  the  right  side  of  one  line,  it  is  on  the  right  side  of 
each  one  of  the  other  two,  and  if  on  the  left  side  of  one,  it  is  on  the  left 
side  of  each  one  of  the  other  two. 
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Rule  S.  When  the  point  sought  falls  within  either  dt  the  three  jwftntyif 
of  the  great  circle  fonxied  by  the  sides  of  the  great  triai^Ble.  the  fine  drawn 
frcHn  the  middle  point  lies  between  the  point  sought  and  the  inteiseetion 
of  the  other  two  bnes.     (See  Illustration  395  (<r).  Figs.  3.  4,  6.) 

Application  of  rules.  In  practice  the  topographer  first  decides  the  re- 
lation of  the  new  station  with  reference  to  the  nxed  p<Hnts,  whether  it  is 
within  the  great  triangle  or  in  one  of  the  segments  or  outside  the  great 
circle.  He  then  determines  the  position  of  the  point  sought  with  reference 
to  one  Une  (if  within  one  of  the  segments  or  without  the  great  drele  bv 
Rule  2  or  3);  it  then  follows  from  Rule  1  that  it  must  be  on  tM  correspond- 
ing side  of  the  other  two  lines.  Finally,  he  estimates  the  rdative  distances 
<^  the  three  actual  points  from  him  and  marks  the  portion  of  the  point 
sought  a  proportionate  distance  from  the  three  lines. 

Examples 

Illustration  305  (c).  ¥1g.  1.  When  the  point  sought  is  without  the 
great  circle,  the  intersection  of  the  lines  from  B  and  C  falls  to  the  right  <^ 
the  line  from  A,  the  most  distant  point ;  therefore  (Rule  2)  the  point  sought 
riiust  be  on  its  right,  and  also  (Rule  1 )  on  the  right  of  the  line  from  B  and  C. 
Its  exact  position  is  then  estimated  according  to  Rule  1. 

Illustration  395  (c).  Fig.  2.  When  the  point  sought  is  on  or  near  the 
prolongation  of  a  range-line,  it  must  be  outside  the  parallel  lines  on  the 
side  of  the  line  to  the  nearest  fixed  point  of  the  range.  In  the  figure  it 
will  be  seen  that  the  point  sought  must  be  outside  the  hues  from  A  and 
B,  and  to  their  right  to  satisfy  Rule  1,  and  also  to  the  right  of  the  line 
from  C. 

Illustration  395  (c).  Fig.  3.  When  the  point  sought  is  on  the  circle 
passing  through  the  three  fixed  points,  the  position  is  indeterminate,  as  the 
three  unes  will  intersect  at  one  point,  although  the  table  is  imperfectly 
oriented.     Another  selection  of  points  must  be  made. 

Illustration  395  (c).  Fig.  3.  When  the  point  sought  falls  within  one  oi 
the  segments  of  the  great  circle,  the  line  drawn  from  A,  the  middle  p<Mnti 
is  to  the  right  of  the  intersection  of  the  lines  from  B  snd  C:  therefore 
(Rule  3)  the  point  sought  must  be  on  its  right  side,  and  also  (Rule  1)  to 
the  right  of  the  line  from  B  and  from  C.  Locate  it  exactly  according  to 
Rule  1. 

Illustration  395  (<r).  Fig.  4.  When  the  point  sou^t  is  on  or  near  the 
range-line  between  the  fixed  roints,  the  point  sought  must  be  between 
the  parallel  lines  to  satisfy  the  conditions  of  Rule  1.  Its  position  viith 
reference  to  the  intersecting  line  foUows  from  the  same  rule.  In  the  figure 
the  point  sought,  being  between  the  lines  from  B  and  C,  is  to  the  right  of 
each,  therefore  it  is  to  the  right  of  the  line  from  A, 

lUustration  395  (r).  Fig.  5.  When  the  point  sought  falls  within  the 
great  triangle,  it  must  fall  within  the  triangle  of  error.  No  other  position 
would  satisfy  the  conditions  of  Rule  1. 

Illustration  395  (c).  Fig.  6.  When  the  three  fixed  points  are  in  a  straight 
line.  In  this  case  the  points  are  considered  as  being  in  the  circumference 
of  a  circle  of  infinite  diameter  and  the  point  sought  alwa^k'S  lying  in  one 
of  the  segments  of  the  great  circle.  The  treatment  of  tms  case  is  then 
identical  with  that  of  lUustration  395  (c),  Fig.  3.    ^  ^ 

The  preceding  cases  are  all  examples  of  the  conditions  which  may  occur 
when  the  table  is  deflected  to  the  right.  By  turning  the  printed  side  <^ 
the  illustration  to  the  light  and  looking  at  the  figures  through  the  paper, 
they  will  appear  reversed,  and  they  will  then  be  examples  of  conditions 
which  may  occur  when  the  table  is  deflected  to  the  left. 

Repetition.  When  the  true  point  has  been  estimated  and  marked  on  the 
sheet  in  accordance  with  the  foregoing  rules,  a  new  orientation  is  made. 
If  the  lines  from  the  three  stations  now  intersect  at  that  point,  it  proves'the 
estimate  to  have  been  correct,  and  the  position  is  determined.  If  a  new 
triangle  of  error  is  formed,  it  indicates  an  erroneous  estimate  and  the  oper- 
ation must  be  repeated. 

(d)  Two- POINT  Phoblem 

The  occasion  may  arise  where  it  is  desirable  to  place  the  table  in  position 
at  a  given  point  from  which  only  two  detenninea  points  are  visible  This 
may  b^  don^  by  the  following  methods: 
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One  method  possesses  the  virtue  of  requiring  no  linear  measurements, 
and  demonstrates-  in  a  very  satisfactory  manner  the  effectiveness  of  the 
table  in  determining  position  by  resection. 

Illustration  395  (a)  (all  four  figures).  Two  points,  A  and  B,  not 
conveniently  accessible,  being  given,  by  their  projections  a  and  6.  to  put 
the  plane-taole  in  position  at  a  third  pomt.  C<  t'The  capital  letters  refer  to 
points  on  the  ground,  and  the  small  ones  to  their  corresponding  projections.) 

Select  a  fourth  point,  D,  so  that  the  intersections  from  C  and  D  upon 


Fio.  395(d). 


A  and  B  make  sufficiently  large  angles  for  good  determinations.  Put  the 
table  approximately  in  position  at  Z>,  by  estimation  or  by  compass,  and 
draw  the  lines  Aa  ana  Bb,  intersecting  at  d;  through  d  draw  a  line 
directed  to  C.  Then  set  up  at  C,  and  assuming  the  point  c  on  the^  line 
dCt  at  an  estimated  distance  from  d,  and  putting  the  table  in  a  position 

f)arallel  to  that  which  is  occupied  at  Z>,  by  means  of  the  line  cd,  draw  the 
ines  from  c  to  ^  and  from  c  to  B.  These  will  intersect  the  lines  dA  and 
dB  at  points  a'  and  b',  which  form  with  c  and  d  a  quadrilateral  aimilar  to 
the  true  one.  but  erroneous  in  size  and  position. 

The  angle  which  the  lines  ab  and  a'b'  make  with  each  other  is  the  error 
in  position.  By  drawing  through  c  a  line  cd',  making  the  same  angle  with 
cd  as  that  which  ab  makes  with  a'b'i  and  directing  this  line  cd'  to  D,  the 
table  will  be  brought  into  position,  and  the  true  point  c  can  be  found  by 
the  intersections  of  aA  and  bB. 

Instead  of  transferrins  the  angle  of  error  by  construction,  we  may  con- 
veniently proceed  as  follows,  observing  that  the  angle  which  the  line  a'6' 
makes  with  ofe  is  the  error  in  the  position  of  the  table.  ^  As  the  table  now 
stands,  a'b*  is  parallel  with  AB,  out  we  want  to  turn  it  so  that  ab  shall 
be  paraUel  to  the  same  line.  Place  the  alidade  on  a'b'  and  set  up  a  mark 
in  that  direction,  then  place  the  alidade  on  ab  and  turn  the  table  until  it 
again  points  to  the  mark;  then  ab  will  be  parallel  to  AB,  and  the  table 
is  in  position.* 

Where  it  is  possible  to  get  the  two  signals  A  and  B  in  range,  it  is  easy 
to  determine  the  position  of  a  third  point  by  a  method  long  practiced  by 
topographers. 


*  See  Wainwright's  Plane  Table  Manual   for  a  second  method. 
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Set  np  the  table  anywhera  on  the  raiiee*lioe,  and  orient  by  the  latter. 
Rmeet  on  tbe  unknown  point,  drawing  the  line  anjrwhere  on  the  ehetH 
most  convenient.  Leave  a  signal  at  the  oecupied  point  on  the  range-line 
and  Kt  up  the  instrutnent  at  the  unknown  pcnnt.  Oiient  by  the  line 
drawn  when  at  the  station  on  the  ranc^-line,  aniting  on  the  latter  stMt'wn. 
TIm  table  will  now  be  in  a  parellel  position  to  that  when  cm  the  range  line, 
which  is  the  true  position,  and  the  unknown  point  may  be  determined  bjr 
resection  upon  the  two  fixed  points  and  their  projeetiona. 


CHAPTER  XXVII 
TOPOGRAPHIC  SURVEYING 

In  topographic  surveying,  methods  of  leveling  are  combined  with  methods 
of  horizontal  location.  So  many  combinations  are  possib^  that  the  sub- 
ject cannot  be  comprehensively  treated  in  a  book  of  this  kind.*  The  aim, 
therefore,  is  to  explain  thoroughly  fundamental  principles,  and  then  to 
dipcuss  briefly  the  most  important  questions  which  arise  in  ordinary  topo- 
graphic surveying.  Practically  every -surveying  instrument  may  be  used 
to  advantage  at  one  time  or  another  in  topographic  work,  and  hence  a 
thorough  knowledge  is  required  of  all  of  the  methods  of  horizontal  and  of 
vertical  control  explained  in  preceding  chapters. 


396.  Contour.  An  imaginary  line  on  the  earth's  surface 
containing  all  points  whL&h  have  the  same  elevation  above  or 
below  some  assumed  datum,  e.g.,  the  sea-level. 

397.  Contour  Interval.  Since  there  are  an  indefinitely- 
large  number  of  elevations  there  can  be  an  indefinitely  large 
number  of  contours.  It  is  customary  in  surveying,  however, 
to  work  with  contours  which  differ  in  elevation  by  even-foot 
intervals.  This  difference  in  elevation  between  two  successive 
contours  may  be  one  foot,  two  feet,  five  feet,  ten  feet,  or  any 
other  fixed  interval  assumed  to  meet  the  requirements  of  the 
work.  Different  intervals,  however,  are  not  used  in  the  same 
survey,  i.e.,  the  contour  interval  for  any  survey  once  adopted  re- 
mains the  same  throughout  the  work. 

lUustrcUion.  Imagine  the  earth's  surface  to  be  partly  covered  with 
water.  Suppose  that  the  surface  of  the  water  is  lowered  five  feet  at  a 
time,  leaving  contact-marks  at  the  end  of  each  interval.  These  marks 
correspond  to  five-foot  contours.  If  the  surface  of  the  water  be  lowered 
one  foot  at  a  time,  the  contact-marks  correspond  to  one- foot  contours. 

Suggestion.  Select  a  small  plot  of  ground  with  an  irregular  surface, 
by  means  of  the  level  find  a  nmnber  of  points  of  the  same  elevation  from 
30  to  50  ft.  apart,  mark  each  point  with  a  stake  or  a  chain-pin  and  imagine 
a  contour  passing  through  these  points.  This  is  an  excellent  way  for  the 
beginner  to  see  how  a  contour  winds  in  and  out  along  the  surface  of  the 
ground;  ultimately  he  must  learn  to  follow  with  the  eye  the  approximate 
windings  of  a  contour  which  has  not  been  staked  out;  he  will  be  hcl{)ed 
In  this  by  imaginincr  the  ground  intercepted  by  a  water  surface,  as  explained 
in  the  preceding  illustration. 

398.  Use  of  Contours.  A  map  without  contour-lines  sim- 
ply shows  the  relative  position  of  points  without  regard  to  ele- 
vations, but  when  contour-lines  are  added  the  approximate 

♦  For  a  comprehensive  treatise  on  the  subject.  Topographic  Surveying, 
i^  H.  M.  Wilsott  (Joim  Wiley  and  Sons),  is  recommended. 
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399.  Contour-lines,  Fundameatal  Principles. 

1.  AU  pmntt  on  Ike  sane  coiUtnir-tine  hate  the  mmt 

2.  Two  contour-tines  of  different  elerationt  oannot  ent  aork 
ofAer.  If  tbey  did.  the  point  of  tbeir  iDtereectioD  would  have 
tvo  diflerent  elevatioDs,  whicb  is  absurd.  (How  fan  an  ovot- 
haoging  cUff  or  a  cave  be  an  exception  to  this  rule*)  CMitour' 
lines  of  different  elevations  fometimes  appear  to  me^e  in  one 
line  as  in  tbecase  of  a  vertical  cliff. 

3.  Turn  diflerent  cotttour-lines  of  the  game  elevation  eamot 
merge  and  continue  as  one  line.  For  the  single  line  irould  indt- 
<9te  a  knife-edge  ridge  or  depression,  something  wliieli  does 
not  occur  in  nature.  Different  contours  of  the  same  elevatkNO, 
however,  often  approach  very  :;ear  fo  each  other. 

4.  Contour  tines  near  together  indicate  a  sleep  slope, — far 
apart  a  gentle  slope. — equally  spaced  a  uni/orm  slope.  It  is 
evident  that  the  horizonlal  distance  between  successiTe  contoui- 
li.ies  indicales  (he  rote  of  slope, 

h.  A  contour  passi/ig  through  any  pint  is  perpendiculm-  to  the 
line  of  steepest  stape  at  that  point.  This  agrees  with  (4),  since 
tbe  perpendicular  dist^ince  between  contour-lines  is  the  shortest 
distance,      Ridgo  and  valle}'  lines  cross  contours  at  right  angles. 

6,  A  closed  contour-line  xcilh  one  or  more  higher  onss  ui- 
closed  indicates  a  hill  (fig.  39S);  jcilh  one  or  more  lower 
ones  inclosed  it  indicates  a  depression  u^baul  an  ouikt  (Fig. 
402  (6)   p.  .■'40). 
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7.  A  eontour4ine  cannot  have  an  end  toUhin  the  limita  of  the 
map;  it  must  either  close  upon  itself^  or  else  it  must  begin  at  some 
point  on  the  edge  of  the  map  and  extend  continuously  until  it  die- 
appears  at  some  other  point  or.  the  edge  of  the  map. 

8.  The  contours  at  the  top  of  a  ridge  or  at  the  bottom  of  a  vaU 
ley  either  close  or  go  in  pairs.  For  the  highest  horizontal  plane 
that  cuts  a  ridge  must  cut  it  on  both  sides;  the  same  is  true  of 
the  lowest  horizontal  plane  that  cuts  a  valley. 

9.  No  single  contour-line  can  intervene  between  two  higher  or 
two  lower  contour-lines.    This  follows  from  (8). 

10.  No  contour  line  should  be  drawn  across  a  stream.  The 
contour  turns  upstream  until  it  disappears  in  coincidence  with 
the  line  defining  the  stream  or  ravine.  Questions:  Why  can- 
not a  contour  turn  downstream?  If  the  bed  of  the  stream  or 
the  bottom  of  the  ravine  rises  above  the  plane  of  a  contour  is 
there  an  exception  to  the  rule,  i.e.,  does  the  contour-line  cross? 
Is  (10)  an  exception  to  (7)? 

400.  Ridge  Lines  and  Valley  Lines  indicate  largely  the 
general  character  of  the  surface  of  the  country. 

Ridge  lines  or  watershed  lines:  Lines  along  the  tops  of  ridges 
dividing  watersheds,  i.e.,  on  one  side  of  a  ridge  line  water  will 
flow  in  one  direction,  on  the  other  side  in  the  opposite  direction. 

Valley  lines  or  thalwegs:  Lines  along  the  bottom  of  valleys 
where  the  two  sides  of  the  valley  meet.  They  are  often  indi- 
cated by  streams  and  rivers  which  follow  them. 

The  sharpest  bends  or  curves  in  contour-lines  occur  at  points 
on  ridge  lines  and  valley  lines,  the  convex  side  of  the  curve 
being  toward  the  lower  ground  for  ridges,  toward  the  higher 
ground  for  valleys.  (See  Fig.  398, p.  338,  and  Fig.  402  (6),  p.  340.) 

401.  Topographic  Surveying,  The  field  work  may  be 
divided  as  follows:  (1)  Establishing  stations  and  main  lines  of 
reference.  (2)  Locating  contours;  (3)  Locating  roads,  build- 
ings, boundary-lines,  streams,  and  other  details.  (4)  Taking 
field  notes  and  sketching  topography.  The  work  may  be  fur- 
ther subdivided  into  two  parts:  (1)  that  which  pertains  to  hor- 
izontal control  (horizontal  measurements),  and  (2)  that  which 
pertains  to  vertical  control  (leveling  or  hypsometry).  In  small 
surveys  all  of  this  work  may  be  carried  along  simultaneously 
and  by  one  party,  but  in  more  extensive  surveys  it  is  usually 
divided  up,  oce  party  establishing  the  stations  or  principal 
points  of  horizontal  control,  another  party  establishing  the  ele- 
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vatioDS  or  stations,  of  bench-marks,  and  of  other  points  of  verti- 
cal control,  while  other  parties  foUow,  filling  in  contours  and 
topographic  details.     No  new  principles  are  involved. 

Points  of  horizontal  control  are  established  by  tiBTenes 
(Chapter  XII)  or  by  triangulation  (Chapter  XVI),  while  det«ila 
are  located  by  the  methods  of  Chapter  XIII. 

Points  of  vertical  control  are  established  by  spiriUlevoUng, 
trigonometric  leveling,  or  by  the  use  of  the  aneroid  barometar 
(Chapters  XIX— XXI).  The  distinguishing  characteristic  of 
topographic  surveying,  however,  is  the  location  and  sketching 
of  contours,  and  this  part  of  the  work  colls  for  further  ex- 
plana  tion. 

402.  Locating  Contours.  There  are  two  general  methods: 
(1)  locating  points  on  each  contour  near  enough  together  to 
determine  the  contour-line,  and  (2)  locating  points  at  rand<Mn, 
but  so  chosen  that  when  Ihey  are  plotted,  contour-linea  can  be 
in(er[X)lated.  In  either  case  each  point  must  be  located  niQi 
respect  to  some  line  between  stations  (horizontal  control),  and 
its  elevation  determined  with  respect  to  the  assumed  datum 
(vertical  control). 

(a>  moitratim.  iVtihod  (a).    In  F>«.  402  <al  the  dots  nprenut  pofnta  kk 
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<e)  Mdhed  (i")  modified.     Tot  a  Rnall 
park,  or  a  fleli)  to  be  graded.  Method  (b)  19  mum  uneu  lu 
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intermediate  points  other  than  comers  of  tquBTes 
may  be  talicn.  Kach  comer  of  a  square  is  known 
hy  the  letter  and  number  earresponding  to  the  in- 
tersecting lines.     Thus  the  dot  indicated  by  the 

circle  ia  CS.  II   t  J'''^     '  n-t 

Siu  of  sowoTM.     In  any  ^ven  oaae  make  the  —^^        J^ 

squares  as  large  as  posnible.  yet  smsU  enough  to T~  7^  ~ 
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403.  Methodsof  Horizontal  Control,  (o)  Location  oJTefer- 
tnce-lines.  In  an  extensive  survey  the  first  step  is  to  eetablish 
the  most  important  or  primary  stations.  This  is  usually  done 
by  triangulation,  and  in  Chapter  XVI  suggestionB  are  given 
for  locating  the  base-line,  choosing  stations,  building  signals, 
and  carrying  on  the  work  of  triangulation.  Starting  from  any 
triangulation  station,  traverses  may  be  run  to  eatablish  itcondary 
stations,  each  traverse  closing  on  some  primary  station,  though 
not  necessarily  upon  the  one  from  which  it  started.  In  this 
way  the  lines  between  triangulation  stations  form  a  skeleton 
upon  which  the  survey  is  built,  and  this  skeleton  is  further  de- 
veloped by  traverse- lines,  until  every  portion  of  the  ground  is 
covered.  Any  of  the  methods  of  Chapter  XII  may  lie  used 
for  running  traverses.  The  azimuth  method  is,  perhaps,  the 
best,  except  tor  work  in  cities  and  in  other  places  where  the 
needle  is  useless  as  a  cheek.  The  compass  or  the  plane-table 
ia  often  used,  either  in  connection  with  transit  traverses  or  in 
place  of  them. 

Remark.     For  smaU  areas  triangulation  {a  unneeeaaary,  and    only  o 
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(&)  Reference  meridian.  In  extended  topographic  aurveya 
itiscustomary  to  establish  a  true  meridian  (see  Chapter  XXVIII) 
and  to  "tie"  the  skeleton  of  the  svirvey  to  this  meridian.  The 
most  direct  method  of  tying  (o  the  meridian  is  to  measure  the 
angle  t>etweeii  this  meridian  and  some  main  line  of  the  surv^. 
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then  the  true  bearing  of  the  remaining  h'nes  may  be  calculate! 
The  angle  may  be  measured  by  repetition,  as  explained  on  pi 
195,  several  sets  being  taken.     (See  also  p.  389,  Art.  445  (3X) 

(c)  Location  of  details.  Details  are  located  from  the  neanift 
or  most  convenient  stations  by  the  methods  of  Chapter  XILL 
Important  points  near  stations  are  usually  located  by  angte  (or 
azimuth)  and  distance,  but  for  much  of  the  work  methods  in- 
volving linear  measurements  only  are  used.  Thus  roadi, 
streams,  fences,  and  even  buildings  may  be  located  wholly  bf 
offsets  (p.  138).  For  indefinite  lines,  such  as  edges  of  woods, 
banks  of  rivers,  and  irregular  roads  the  method  of  intersectioiu 
(p.  137)  is  a  rapid  method,  especially  if  a  plane-table  is  used, 
and  it  is  accurate  enough  for  the  purpose. 

(d)  Location  of  contours.  As  far  as  horizontal  control  is  con- 
cerned, it  makes  no  difference  whether  the  points  to  be  located 
are  on  the  contours  themselves  (Method  (a),  p.  340),  or  whether 
they  are  taken  at  random  for  interpolating  contours.  Any 
point  may  be  located  by  some  one  of  the  seven  methods  givoi  on 
p.  4,  but  probably  the  method  most  used  is  the  angle-and- 
distance  method.  For  angular  measurements  the  azimuth 
method  is  used  perhaps  more  frequently  than  the  direct-flu^ 
method,  because  of  the  ease  with  which  readings  may  be  checked 
by  the  needle.  For  linear  measurements,  the  stadia  is  more 
useful  than  the  tape,  since  it  is  quicker,  and  the  accuracy  re- 
quired for  side  shots  is  not  great.  Other  methods  of  horizontal 
control  include  dividing  the  area  into  squares  or  rectangles 
(Method  (c)  p. 341 ;  see  also  fourth  illustration, p.  350),  by  locating 
contour  points  on  lines  at  right  angles  to  the  transit-line  (Offset 
method;  see  fifth  illustration,  p.  351),  and  by  intersection  (a 
method  used  principally  in  plane-table  work). 

(e)  The  method  of  procedure  at  any  one  station  is  outlined  on  page  154 
for  the  direct-anftle  method,  anfl  page  156  for  the  aximuth  method.  I( 
traven«e-lines  and- other  reference -lines  have  been  established,  some  of  the 
Hteps  pertaining  to  the  location  of  stations  mayi)e  omitted — simply  follow 
the  directions  for  taking  side  shots.  In  such  a  case  the  work  of  locatiog 
contours  may  be  l^egun  at  any  station,  but  in  the  case  of  the  asimuth  method, 
the  following  precaution  must  be  observed. 

(/)  Precaution.  In  starting  at  any  station  the  transit  must  be  oriented 
by  backlighting  along  some  main  line  of  the  survey,  the  vernier  being  set 
at  the  azimuth  (or  back  azimuth)  already  determined  for  that  line,  so  that 
all  azimuths  will  be  measured  from  lines  parallel  to  the  same  reference 
meridian.  Sometimes  when  the  main  lines  have  not  been  run  by  the 
azimuth  method,  but  it  is  desired  to  use  that  method  for  side  shots,  the 
bearing  of  the  backsight  has  to  l>e  calculated  (p.  126),  and  this  bearing 
changed  to  the  corresponding  azimuth.  When  the  reference  meridian  ia 
a  true  north  and  south  line,  it  is  well  to  set  off  the  decUnation  arc  (p.  124). 

(g)  Precautions  in  eatabliahing  8ub»tationa.     When  it  becomes 
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ho  establish  a  substation  more  care  should  be  exercised  than  for  an  ordinary 
Bide  shot.  Thus,  for  example,  the  azimuth  should  be  checked  by  the 
needle,  and,  if  the  stadia  is  used,  the  distance  should  be  read  from  each 
end  of  the  line.  The  correct  location  of  all  points  taken  at  a  substation 
depends  of  course  upon  the  correct  location  of  the  substation  itself. 

Ih)  Reading  horizorUcd  angles  to  contour-points.  Side  shots  are  rarely 
longer  than  500  ft.  An  error  of  10  minutes  amounts  to  a  displacement 
of  not  more  than  1^  ft.  at  500  ft.,  and  of  only  about  0.3  ft.  at  100  ft.  from 
the  transit  (p.  105).  As  it  makes  little  difference  whether  a  contour-point 
is  one  or  two  feet  one  way  or  the  other,  and  as  limb-readings  can  be  esti- 
mated easily  to  less  than  ten  minutes,  it  follows  that,  as  a  rule,  it  is  n(4 
necessary  to  read  the  vernier  in  locating  contour-points — simply  estimate  the 
reading  from  the  limb. 

404.  Methods  of  Vertical  Control,  (a)  Primary  stations. 
The  first  step  is  to  ascertain  the  elevations  of  the  principal  stations, 
or  ^se  to  establish  bench-marks  near  them,  so  that  a  party  can 
start  from  any  station  to  locate  contours,  or  several  parties 
cah  start  simultaneously  from  different  stations.  When  the 
principal  stations  are  located  by  triangulation,  it  involves  very 
little  additional  field  work  to  ascertain  their  elevations  by  trigo^ 
nometric  leveling, — simply  measure  the  vertical  angles.  (See 
Triangulation  and  Trigonometric  Leveling,  p.  200.)  Another 
method  is  that  of  spirit-leveling,  and  still  another,  for  rough 
work,  is  barometric  leveling  (pp.  245  and  265).  Sometimes 
all  three  methods  are  used. 

(6)  Elevations  of  traverse  stations  or  nearby  bench-markp 
are  usually  determined  by  spirit-leveling,  the  leveling  party 
following  close  behind  the  traverse  party.  For  compass  trav- 
erses the  aneroid  barometer  will  sometimes  give  close  enough  re- 
sults (p.  267).  Permanent  bench-marks  should  be  placed  near 
stations  and  in  other  places  where  they  will  be  of  use  in  contour 
work. 

(c)  Elevations  of  contour-points.  When  each  contour  is  nm 
in  separately  (Method  (a),  p.  340),  points  at  the  elevation  of  the 
contour  are  usually  determined  by  spirit-leveling,  either  an 
ordinary  level  or  a  hand-level  being  used.  The  spirit-level 
may  be  used  also  for  finding  the  elevations  of  points  taken  at 
random  (Method  (6),  p.  340),  but  when  such  points  are  on 
steep  slopes  not  many  of  them  can  be  taken  without  moving  the 
level— a  decided  disadvantage.  It  is  better  in  such  cases  to 
use  the  stadia-vertical-angle  method  (explained  on  p.  308), 
so  that  points  up  and  down  the  slope  can  be  taken  from  one 
set-up.  A  third  method  used  in  rough  work  is  to  find  the 
elevation  of  points  by  the  aneroid  barometer. 

(d)  Reading  vertical  angles  to  contour-points.  The  directions  for  measur- 
ing horizontal  angles  (Art.  403  (A))  hold  good  for  vertical  au^lea  Q^\ao.    ¥q»x  «k 
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dght  from  100  to  200-ft.  lon^  an  error  of  10  min.  causes  an  error  of  fron 
0.3  ft.  to  0.6  ft.  in  elevation ;  this  is  no  more  than  the  difference  in  hei^ 
between  the  top  and  bottom  of  a  grass  hummock,  hence  the  absurdity  of 
leading  vertical  angles  to  the  nearest  minute  in  getting  heights  for  contoun 
in  ordinary  work.  Occasionally,  on  long  sights,  it  may  be  neoessary  to 
consult  the  vernier,  but  moat  of  the  angles  should  be  read  directly  from  At 
vertical  arc,  estimating  the  minutes.     (See  p.  309.) 

405.  Choosing  Stations  for  Horizontal  Control.    Wben 

stations  for  horizontal  control  are  established  by  triangulati(Hi| 
the  accuracy  of  the  work  will  depend,  to  a  great  eistent,  on 
the  proper  proportions  of  each  triangle  (p.  192).  When  traverses 
are  run,  the  suggestions  for  choosing  stations  given  in  Art,  216, 
page  149  should  be  followed.  In  general,  contours  are  most  easQy 
controlled  from  stations  along  ridge  lines  and  valley  lines. 
Stations  should  be  located  also  near  prominent  topographic 
features,  such  as  deep  gulleys,  high  cliffs,  ponds,  lakes,  and 
watercourses.  (See  Art.  247,  p.  192  for  other  suggestions  con- 
cerning the  choice  of  primary  stations.) 

406.  Choosing  Stations  for  Vertical  Control.  In  tri- 
angulation,  stations  should  be  chosen  with  proper  regard  for 
vertical  control  as  well  as  horizontal  control,  especially  if  trigo- 
nometric leveling  is  employed.  In  traverses,  if  the  suggestions 
of  the  preceding  paragraph  are  followed,  the  stations,  as  a  rule, 
will  be  well  located  for  vertical  control. 

407.  Choosing  the  Controlling  Points  of  Contours*  In 
running  in  contours  by  Method  (a),  p.  310,  points  should  be 
chosen  near  enough  together,  so  that  no  appreciable  error  will 
exist  when  the  contour-lines  are  sketched  through  them.  T)m 
will  depend  to  a  large  extent  upon  (1)  the  regular  or  irregular 
nature  of  the  ground,  and  (2)  upon  the  scale  adopted  for  the 
map.  The  critical  points  of  contours  are  usually  apparent  to 
the  eye  and  these  points  should  always  be  taken.  Thus,  points 
should  be  near  together  at  sharp  curves  or  abrupt  changes  in 
direction, — farthest  apart  where  contours  are  nearly  straight. 
In  uniform  slof>es  the  highest  and  lowest  contours  having  been 
run  in,  the  others  can  frequently  be  interpolated  without  any 
field  work,  or  perhaps  every  fifth  contour  may  be  located  and 
the  others  interpolated. 

(a)  When  contours  are  interpolated  from  points  taken  at  ran- 
dom (second  method,  p.  340)  the  preceding  suggestions  still 
hold  good,  the  points  in  general  being  taken  close  together  for 
uneven  groimd  or  steep  slopes  and  farther  apart  for  even  ground 
or  gentle  slopes.     In  this  method  points  on  ridge  lines,  valley 


TOPOGRAPHIC  SURVEYING  345 

ines,  tops  and  bottoms  and  changes  of  slope  should,  as  far  as 
possible,  be  located. 

In  either  method  it  is  a  waste  of  time  to  take  points  too  near 
together  when  the  scale  of  the  map  is  small,  while  it  leads  to 
inaccuracy  to  take  them  too  far  apart  when  the  scale  is  large. 

408.  Choosing  Contour  Intervals.  The  contour  inter- 
val  depends  almost  entirely  upon  the.  purpose  of  the  survey. 
Thus,  for  example,  in  the  survey  of  a  city  lot,  a  two-foot  inter- 
vaj  or  even  a  one-foot  interval  may  be  necessary;  for  the  pre- 
liminary survey  in  railway  location  a  five-foot  interval  is  often 
adopted;  for  more  extended  surveys,  such  as  the  United  States 
Geological  Survey,  20-ft.,  50-ft.,  and  even  200-ft.  intervals 
are  used. 

409.  The  Choice  of  Methods  and  of  Instruments  in 
topographic  surveying  depends  upon  the  nature  of  the  ground 
and  the  purpose  for  which  the  survey  is  made,  especially  upon 
the  related  questions  of  speed  and  accuracy.'  Practically  every 
method  and  every  instrument  may  be  used  to  advantage  at  one 
time  or  another  in  topographic  surveying.*  Even  in  the  same 
survey  various  parts  of  the  work  may  call  for  the  use  of  dif- 
ferent methods  and  different  instruments.  Thus,  for  example, 
in  an  extensive  survey  less  accurate  methods  and  instruments 
are  used  for  running  secondary  traverses  than  for  establishing 
the  primary  stations  or  skeleton  upon  which  the  survey  is  hung, 
while  the  contours  and  topographic  details  may  be  filled  in  by 
the  use  of  still  less  accurate  methods  and  instruments. 

The  instruments  and  methods  chosen  for  vertical  control 
should  correspond  in  accuracy  to  those  chosen  for. horizontal 
control.  For  example,  if  rough  instruments  are  used  for  locating 
points,  rough  instruments  are  used  for  finding  their  elevations. 
There  are,  of  course,  exceptions  to  this  rule.  Consistent 
accuracy  should  be  maintained  between  linear  and  angular 
measurement.  For  example,  it  is  necessary  to  measure  the  base- 
line of  the  triangulation  with  great  accuracy,  but  compass- 
lines  may  be  measured  roughly  or  even  paced  in  some  cases. 

The  number  of  possible  combinations  of  instruments  and  of 


*  Even  the  camera  may  be  used  to  advantage  in  topographic  surveys 
extending  over  large  areas,  and  the  science  of  photographic  surveying 
constitutes  a  branch  jn  itself.  See  Wilson's  Topographic  Surveying,  p.  292, 
and  An  Elementary  Treatise  on  Photographic  Methoda  and  Inatrumerits  by 
J.  A.  Flemer  (John  Wiley  and  Sous). 
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methods  is  too  large  to  ba  given   in  detail,  but  some  of  the 
most  common  combinations  are  suggested  below. 

Combinations  of  Instruments  and  Methods 


' 

Horizontal  tlontrol 

Vertical  Control 

Points  Located 

Instruments 

Methods 

Instruments 

Method  of 
Leveling 

Triangulation  Sta- 
tions 
Primary  Traverse 

Secondary     •• 
••             «> 

•              ** 

Contours 

*( 

>• 

Transit 

Transit  and 
tape 

Transit,   tape 
or  stadia 

Compass  and 
chain 

Plane     table, 
tape  or  sta- 
dia 

Transit,   tape 
or  stadia 

Com'pass, 
chain     or 
pacing 

Plane     table, 
tape  or  sta- 
dia 

Traverse 
board,  chain, 
pacing 

Triangulation 
Traversing 

Traversing — 
Azimuths 

Traversing — 
Bearings 

Traversing 

Azimuths    or 

squares 
Bearings      or 

squares 

Radiation,  in- 
tersections 

Radiation,  in- 
tersections 

Transit    or 

level 
Level 

Level 

Level  or  ba- 
rometer 

Level  or  l»- 
rometer 

Transit    or 
level 

Level  or  ba- 
rometer 

Level  or  ver- 
tical arc 

Hand  level  or 
barometer 

Tri^Eonomet- 
nc  or  spirit 
Spirit 

Spirit 

Spirit  or  bar- 
ometric 

Spirit  or  bar- 
ometric 

Vertical  an|^ 
or  spirit 

Spirit  or  bar- 
ometric 

Spirit  or  ver- 

*• 

tical  angle 

Spirit  or  bar- 
ometrie 

410.  Field  Notes.  There  are  two  general  methods  of  keep- 
tog  field  notes  in  topographic  surveying:  (1)  Keeping  theoi 
according  to  one  of  the  methods  of  Chapter  XV,  making  no 
attempt  to  plot  to  scale.  (2)  Plotting  the  notes  to  scale  and 
carefidly  sketching  the  contour-lines  in  the  field.  The  latter 
method  requires  more  time  in  the  field,  but  saves  time  in  the 
office.  The  first  method  is  generally  used  for  small  areas,  the 
second  for  large  areas. 

First  Method,  The  combination  method  (p.  166)  is  gener- 
ally preferred.  The  points  on  the  sketch  on  the  right-hand 
page  should  be  carefully  numbered  to  conform  to  some  well« 
understood  system.  Thus,  for  example,  all  points  on  the  100- 
ft.  contour  may  be  niunbered  100  regardless  of  location,  all 
points  on  the  105-ft.  contour  may  be  numbered  105  and  so  on, 
the  location  of  the  points  being  given  in  the  tabulated  form  on 
the  left-hand  page.  If  points  are  taken  at  random  and  contours 
afterwards  interpolated,  it  is  better  to  give  each  point  a  sepa- 
rsite  number  and  to  note  its  elevation  in  a  column  e^t  apaxi 
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for  that  purpose.    Notes  for  stations  and  details  are  kept  hy 
the  usual  methods. 

Second  Method,  For  large  areas  the  results,  as  a  rule,  will  be 
far  more  satisfactory  if  the  topography  is  plotted  in  the  field. 
There  are  two  ways  of  doing  this ;  *  (1)  By  the  use  of  the  plane- 
table  and  (2)  by  the  use  of  ordinary  plotting  methods.  The 
plane-table  is  especially  useful  for  filling  in  details  from  stations 
which  have  been  established  previously  by  more  accurate  in- 
struments. Sometimes  the  entire  survey  can  be  made  with  it. 
(See  Chapter  XXVI.)  When  ordinary  plotting  methods  are 
used  angles  and  distances  are  plotted  as  fast  as  measured,  and 
contours  sketched  in.  In  this  way  errors  and  omissions  are 
likely  to  be  detected  and  doubtful  points  settled.  Thus,  with 
the  land  actually  before  him,  the  topographer  can  secure  a 
more  truthful  representation  of  it  than  he  could  otherwise. 
Various  devices  are  used  to  facilitate  the  plotting,  such  as  sketch- 
ing-boards, various  forms  of  protractors,  and  especially  de- 
signed cross-section  paper. 

Sketching,  In  order  to  sketch  topography  successfully  in  the 
field,  one  must  have  a  faculty  of  selecting  the  most  important 
topographic  features  and  transmitting  them  to  paper  in  their 
proper  relatione.  This  sense  of  topography  comes  only  froni 
long  experience.  In  ordinary  class  work  the  beginner  first 
plots  points  of  known  elevation,  as  fast  as  they  are  determined, 
and,  guided  by  these  points,  he  sketches  in  each  contour;  his 
imagination  aided,  perhaps,  by  the  conception  of  a  water  surface. 
(See  suggestion  p.  337.)  Successive  points  on  the  same  contour 
should  be  joined  as  soon  as  they  have  been  plotted,  by  an  irregu- 
lar line  which  corresponds  as  nearly  as  possible  to  the  actual 
contour  which  it  represents.  If  contours  are  interpellated,  they 
should  be  carried,  along  in  a  similar  manner.  It  answers  the 
purpose  in  many  cases  simply  to  interpolate  contour  points  by 
eye;  for  more  accurate  methods  of  interpolation  see  page  497. 
Each  contour  should  be  marked  in  one  or  more  places  with  its 
elevation. 

(a)  Practical  atigqestiona.  (1)  Even  when  the  0(»nbination  method  is 
used,  it  is  best  to  sketch  the  contours  as  correctly  as  possible  on  the  right- 
hancl  page  of  the  note-book.  A  very  good  book  for  this  purpose  has  the 
page  divided  bv  radiating  lines  and  concentric  circles,  so  that  a  point  can 
be  plotted  quickly  by  azimuth  and  distance  without  the  use  of  instruments. 
(2)  A  common  mistake  is  to  record  the  azimuth  to  one  point  and  the  dis- 
tance to  another  point,  as  if  they  were  taken  to  the  same  point.  (3)  When 
notes  are  plotted  in  the  field,  the  drawing-board  may  be  mounted^  on 
a  tripoa  and  Bet  up  near  the  transit.    Instead  of  usini^  a  pto\.ta^oxS^Va 
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aometSmgP  mors  eonrement  to  plot  tbe  notes  on  paper  or  BriBtaMiQird 
which  has  printed  upon  it  a  fuU  circle  graduated  to  quarter  degrees.  ThiB 
pai^r  comes  in  sheets  and  may  be  obtained  from  dealers  in  such  snpi^ies. 

(4)  Keep  track  of  points  as  fast  as  they  are  plotted  by  marking  each  point 
with  its  elevation.  This  is  especially  important  when  points  are  takea 
at  random  and  contours  are  interpolated,  otherwise  oonloBian  wUl  rarah. 

(5)  A  disadvantage  common  to  all  plotting  operations  in  the  fieki,  indud- 
ing  the  plane-table,  is  the  change  m  the  paper  due  to  moisture.  This  is 
partially  overcome  by  using  mounted  paper,  and  by  dampening  it  sUi^tly 
before  stretching  it  on  the  board.  Let  the  paper  extend  over  tne  edges  of 
the  board  and  fasten  it  on  the  under  side  by  thumb-taeks  doee  togethei; 
Sometimes  mudlage  is  used.  In  very  damp  places,  where  water  is  likdy 
to  drip  on  the  board,  celluloid  sheet."  have  been  u^ed  in  place  of  paper. 

(6)  The  suflasestlons  for  choosing  a  scale  for  plane-taUe  wofk  (pi.  32B)  boiU 
good  for  topographic  work  also. 

411.  Field  Routine.    On  page  346   several  ccanbhuitionB 

of  instruments  and  of  methods  are  suggested  for  topograpliic 
surveying.  In  this  article  the  field  routine  oorreeponding  to 
each  of  several  combinations  is  outlined.  It  is  assumed  in 
each  illustration  that  the  stations  are  chosen  in  aoooidmee 
with  Art.  405,  p.  344,  that  the  contour  interval  has  been  adopted 
to  suit  the  purpose  of  the  survey  (p.  345),  that  all  details,  other 
than  contours,  are  located  by  the  usual  methods  (Chiqpter 
Xni),  and  that  the  controlling  points  of  contours  aie  chosen 
according  to  Art.  407,  p.  344.  The  main  points  to  be  brouf^t 
out  are:  (1)  How  controlling  points  are  located  horizofUaUy, 
and  (2)  how  their  elevations  are  determined^  (3)  How  to 
start  at  any  station.  (4)  How  the  levelman,  the  transitman, 
and  other  members  of  the  party  may  work  together  to  economiie 
time. 

Each  illustration  begins  with  a  statement  of  the  extent  of  the 
survey,  the  accuracy  and  speed  required,  the  instruments  chosen, 
and  the  methods  used.  It  is  understood  that  the  work  per- 
taining to  horizontal  control  and  that  pertaining  to  vertical  con- 
trol are  carried  on  simultaneously,  as  far  as  possible. 

Remark.  The  methods  of  procedure  given  in  the  following  illustratiooi 
may  be  morlified  in  many  ways  to  suit  conditions.  Thus,  for  example,  it 
ifl  often  advantageous  to  use  the  direct-angle  method  in  place  of  the  asunuth 
methf)d,  especially  if  stations  cannot  be  occupied  in  regular  order  (p.  129). 
The  illui<t rations  suggest  how  to  proceed  for  different  combinations  ol  in- 
struments and  of  methods — this  is  the  first  thing  to  learn;  then  the  student 
should  begin  a  study  of  the  advantaises  and  disadvantages  of  the  diffemt 
combinations,  a  full  knowledge  of  which  can  be  gained  only  by  extended 
experience  in  the  field.  Special  attention  is  called  to  the  last  iUustraticm  on 
p.  352,  since  it  combines  in  one  survey  nearly  all  the  methods  of  topographie 
surveying  and,  hence,  serves  as  a  summary  of  this  chapter. 

(a)   First  Illustration.    Conditions:  comparatively  small 

area,   fair  degree  of  accuracy,  medium  speed,  5-ft.  contour  in- 

ter\'al.    Instruments:  transit,  level,  and  leveling-rod  (used  also 

aa  a  stadia-rod).      Methods:    azimuth  method   (p.   156)    and 
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stadia  method  (p.  300)  for  horizontal  control;  spirft-leveling 
for  vertical  control;  method  of  running  in  contours  by  ascer- 
taining points  through  which  they  pass  (Art.  402  (a),  p.  340). 
Party:  transitman,  note-keeper  or  draftaman,  levehnan,  and 
rodman. 

Method  of  procedure  for  the  levdman.  (1)  Set  up  when  a  hackmght  can 
be  taken  on  some  beneh  near  by,  and,  at  the  same  ture,  near  enough  to  the 
tranait  station  bo  that  any  point  which  can  be  seen  from  the  transit  wiU 
be  visible  from  the  level  also.  (It  is  assumed  that  benches  have  already 
been  established  near  stations.)  (2)  Backsight,  find  H.I..  figure  the  grade- 
rod  for  one  of  the  contours.  (See  p.  243  for  G^de-rod.)  It  is  weU  to 
begin  with  the  highest  contour  that  oan  be  run  m  from  the  fint  set-up  of 
the  level  and  work  down  hill,  or  else  begin  with  the  lowest  and  work  up  hiU. 
(3)  When  as  much  of  the  first  contour  has  been  run  in  as  can  be  located 
conveniently  from  the  transit  station,  run  in  two  more  in  the  same  way, 
moving  the  target  6  ft.  for  each  contour.  By  this  tin  e  it  will  be  neces- 
sary' to  move  the  level,  hence  estabU^b  u,  tummg- point  as  far  down  hill  or 
up  hiU  as  practicable,  set  up  thf  >va1  as  far  down  bill  or  up  hill  as  the 
tuming-pomt  will  permit,  find  the  «iew  H.I.  and  the  new  grade-rod  for  the 
next  contour,  and  proceed  as  for  the  first  set-upi  (4)  Continue  the  work, 
moving  the  level  as  often  as  mav  be  neoessarv  until  all  the  contour-points 
that  can  be  located  advantageously  from  the  transit  station  have  been  taken* 
If  the  work  has  been  carried  on  down  hill  from  the  station,  it  may  be  neces~ 
sary  to  start  again  at  the  bench-mark  and  work  up  hill,  or  vice  versa.  When 
benches  have  not  been  established  near  the  stations,  it  may  be  .necessary 
to  take  extra  turning-points  in  carrying  the  work  frcan  one  station  to  the 
next;  otherwise  it  is  better  to  start  anew  at  each  station  by  backsigbting 
en  the  bench-mark  near  it. 

Method  <4  procedure  tor  the  rodman.  (1)  Check  the  grade-rod  for  the 
first  contour  as  figured  by  the  levelrran.  set  the  target,  find  a  point  on 
the  contour  by  moving  tne  rod  up  hill  or  down  hiJl  until  the  levelman 
signals  that  the  line  of  sight  strikes  the  target,  and  then  hold  the  rod  for 
the  transitman  to  take  a  stadia  reading.  (The  levelman  should  not  ft  lit 
hairs  in  sighting.  Often  it  will  be  close  enough  if  the  line  of  sight  strikes 
anywhere  on  tne  target.)  (2)  Repeat  for  other  points,  selecting  oily 
critical  points  along  the  contour.  (See  p.  844.)  (8)  Check  the  grade-rod 
for  the  next  contour,  set  the  target,  and  run  in  this  contour  by  Felecting 
critical  points  as  before.  Repeat  for  all  the  contours,  establishing  turning 
points  whenever  it  becomes  necessary  to  move  the  level  up  hill  or  dowr 

Method  of  jjrocedure  for  the  transitman.  (1)  Set  up  and  orient  the  tr8n.«it 
(p.  125).  Assuming  that  transit  stations  have  not  been  established,  it  will  be 
necessary  at  the  first  station  to  assume  the  meridian  of  the  survey.  (See  p.  121 .) 
At  other  stations  the  azimuths  of  lines  n^  ust  be  with  reference  tothismeridian. 
(See  precaution,  403  (/),  p.  342  )  (2)  Take  the  azimuths  to  contour-points 
as  fast  as  these  points  are  established  by  the  level  j^arty,  reading  the  corre- 
sponding stadia  distance  and  vertical  angles.  (It  is  not  necessary  to  read 
the  vernier  for  vertical  angles  in  ordinary  work — estimate  the  n^inutes.) 
(See  Art.  152  (d),  p.  109.)  Vertical  angles  less  than  from  3**  to  5**  may  be 
ignored.  (See  p.  307.)  (3)  Observe  the  nrethod  of  procedure  for  the 
azimuth  method  (given  on  page  156)}  in  running  transit  lines,  and  read  the 
stadia  distance  between  stations  twice,  once  (rem  each  end  of  the  line. 
Check  the  azimuths  of  all  transit  lines  by  the  needle,  and  check  at  least 
every  fifth  side  shot  in  the  same  way. 

Method  of  procedure  for  the  draftsman,     (1%  is  assumed  that  the  notes  are 

Clotted  in  the  field  as  fast  as  they  are  taken.)  (1)  Set  up  the  plotting- 
oard  near  the  transit.  If  it  is  the  first  station,  draw  a  long  line  near  the 
center  of  the  board  to  represent  the  meridian.  Azimuths  may  be  plotted 
directly  from  this  line  or  from  parallel  fines  through  the  stations,  as  ex- 
plained in  the  chapter  on  Plotting  Transit  Lines,  Part  II.  T"^Fe  a  protractor 
for  ordinary  work  or  el«»e  some  form  of  plotting-paper.  (See  p.  347.)  (2) 
Plot  the  azimuth  to  each  point  as  so<m  ps  it  is  taken,  and  then  the  stadia 
distance,  reducing  the  latter  to  a  horizontal  distance  when  the  vertical 
angle  is  e:reater  than,  say,  3*  (p.  480).  Keep  track  of  points  by  marking 
near  each  one  the  elevation  of  the  contour  which  pas&ea  tViTc»\i\^  \\.^  "axv^ 
dketch  in  each  contour-line  as  fast  as  it  is  determined  by  X\iQ  vVAAa^  "^ciwAAX 
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try  to  reproduce  each  contour  as  it  actually  appears  on  the  ground.  When 
the  points  have  been  taken  too  far  apart  and  the  sketch  shows  the  need 
of  more  points,  indicate  to  the  level  party  where  the  additional  points  are 
needed. 

When  the  notes  are  not  plotted  in  the  field,  use  the  ccnnbination  method 
and  the  form  of  notes  shown  on  page  311,  but  make  the  sketches  on  the 
right-hand  pages  represent  the  actual  contours  as  nearly  as  possible. 

(&)  Second  Illustration.  Condiiiona:  Same  as  in  the  preced- 
ing illustration,  except  that  points  are  taken  at  random  and  con- 
tours are  interpolated.  Methods:  The  only  change  in  routine  is 
in  the  leveling  and  in  the  plotting.  The  rodman  selects  critical 
points  where  the  slope  changes  (p.  344),  and  the  elevation  of 
each  point  as  determined  by  the  level  party  is  given  to  the 
draftsman.  The  latter  plots  these  points  as  in  the  preceding 
illustration,  and  marks  the  elevation  of  each  point;  but  instead 
of  sketching  contour-lines  through  the  points,  he  interpolates 
.  them  as  fast  as  the  plotted  points  permit  him  to  do  so.  • 

(c)  Third  Illustration.  Conditions:  an  area  of  considerable 
extent,  medium  accuracy,  rather  high  speed.  Instruments:  tfaii- 
sit  and  stadia-rod  or  leveHng-rod,  board  mounted  on  a  tripod, 
with  accessories  for  plotting,  including  protractor,  scale,  and 
triangles.  Methods:  azimuth  method  and  stadia  method  for 
horizontal  control,  vertical  angle  and  stadia  for  vertical  con- 
trol (p.  308) ;  points  chosen  at  random  for  interpolation  of  con- 
tours, (p.  340).  Party:  transitman,  rodman,  a  computer,  and 
a  draftsman. 

Method  of  procedure  for  the  transitman.  (1)  Set  up  and  orient  the  transit 
as  in  the  first  illustration.  (2)  Co-operate  with  the  rodman  in  setting  the 
target^  in  order  to  determine  elevations  as  explained  on  page  264.  Take 
the  azimuth,  the  stadia  reading,  and  the  vertical  angle  to  each  point  wh^re 
the  rod  is  held.  (3)  Unless  the  Unes  between  stations  have  already  been 
established,  locate  them  as  usuaL  (S^  first  illustration.)  Usually  in 
this  work  it  is  better  to  establish  bench-marks  near  stations  by  spiiit- 
l^veHng,  but  if  this  has  not  been  done  it  will  be  necessary  for  the  transit- 
man  to  determine  elevations  from  station  to  station  by  vertical  ancles. 

Method  of  procedure  for  the  rodman.  (1)  Set  the  target  (or  the  rubber 
band  on  the  rod)  from  the  nearest  bench,  or  in  some  cases  from  the  transit 
Atation  (pp.  244  and  264).  (2)  Hold  the  rod  on  ridge  lines,  valley  lines, 
wherever  the  slope  changes,  and  at  other  critical  points  (p.  344).  CJo- 
operate  with  the  draftsman  in  determining  what  points  are  needed. 

Method  of  T^ocedure  for  the  computer.  0)mpute  the  horizontal  distanoe 
from  the  station  to  a  point  as  soon  as  the  transitman  has  given  the  stadia 
reading  and  the  vertical  an^e ;  while  the  draftsman  is  plotting  the  point, 
find  the  corresponding  vertical  distance,  and  from  that  ascertain  the  ele* 
vation  of  the  point  with  respect  to  the  datum  used  for  the  survey.  See 
that  the  elevation  of  each  point  is  marked  near  its  plotted  position.  Use 
the  table  in  the  back  of  the  book  for  reducing  stadia  readings. 

Method  of  procedure  for  the  draftsman.  Hot  the  azimuth  of  the  line  to 
each  point  as  soon  as  the  transitman  reads  it  (see  first  illustration);  plot 
the  distance  as  soon  as  the  computer  has  ascertained  it ;  mark  the  eleva- 
tion near  each  point  as  soon  as  the  computer  has  calculated  it.  Be  careful 
to  keep  track  of  the  azimuth,  distance,  and  elevation  of  each  point  until 
there  is  no  chance  of  using  any  one  of  these  three  data  in  connection  with 
some  other  point.  Sketch  in  the  contours  as  fast  as  they  can  be  inter- 
polated from  the  points  plotted,  always  with  due  regard  to  the  ground  as 
it  appear'  to  the  eye;  when  in  doubt  call  for  other  points  to  be  tal^n  near 
the  doubtful  places. 

(d)  Fourth    Illustration.     Conditions:    small  area,  high 
degree  of  accuracy,  low  speed.     Instruments:   transit^  tape, 
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leveling-rod,  and  level  (or  the  transit  may  be  used  as  a  level). 
Method:  area  subdivided  into  squares  or  rectangles  for  hori- 
zontal control i  elevations  of  the  comers  of  the  squares  or  rect- 
angles taken  for  vertical  control,  contours  interpolated  (p.  341). 

Routine  of  the  -field  work.  Decide  how  to  lay  out  the  squares  in  order 
to  cover  the  ground  to  the  best  advantage,  what  size  to  make  them,  and 
in  what  direction  to  run  the  Unes  (p.  341 ).  Stake  out  the  squares  with  the 
transit  and  tape.  (Two  or  three  set-ups  on  the  outside  corners  will  usually 
suffice,  the  interior  stakes  being  hned  in  by  eye.)  Backsight  on  a  bench 
near  by,  or  establish  one  if  none  exists,  find  the  elevation  of  the  ground  at 
each  stake  and  in  between  if  there  is  a  sudden  change  in  elevation,  and  thus 
determine  points  from  which  the  contours  can  be  interpolated.  The  level 
notes  should  include  sketches  on  the  right-hand  pages,  carefully  lettered 
and  numbered  according  to  some  well-understoou  system  (p.  341),  and 
showing  all  dimensions  and  measurements  necessary  for  plotting. 

Note.  This  same  method  may  be  modified  for  very  rough  work  by 
using  the  compass  for  running  out  the  lines,  and  a  clinometer  or  some  other 
rough  instrument  for  ascertaining  the  elevations.  Where  the  contour  in- 
terval is  large,  the  barometer  may  be  used  for  vertical  control,  readings 
being  taken  frcoki  the  altitude  scale.  ^  If  bench-marks  have  been  established 
here  and  there,  and  the  barometer  is  reset  to  coiTespond  to  the  elevation 
of  a  bench-mark  whenever  there  is  an  opportunity,  contours  may  be  sketched 
in  a  fairly  satisfactory  manner  by  this  method.  It  could  be  used,  for  ex- 
ample, in  combination  with  more  accurate  methods  for  securing  a  rough 
topographic  map  of  a  large  wooded  area. 

(e)  Fifth  Illustration.  Conditions:  the  survey  progresses 
in  one  general  direction  as  in  railroad  work;  the  main 
transit  lines  have  been  established,  and  the  elevations  of  points 
at  frequent  intervals,  say  at  every  100-ft.  station,  have  been 
found  by  the  method  of  profile-leveling;  fair  degree  of  ac- 
curacy, fair  speed,  and  a  5-ft.  contour  interval.  Instruments: 
two  hand-levels,  two  contour-rods,  a  sketch-board,  and  plotting- 
paper.  Methods:  running  in  contour-lines  by  ascertaining 
points  through  which  they  pass;  offsets  from  the  transit  line 
for  horizontal  control;  hand-levels  for  vertical  control.  Party  : 
two  men,  wHo  do  practically  the  same  work,  except  that  only 
one  of  them  plots  the  contours. 

Routine  of  the  field  work.  Leveler  No.  1,  resting  his  hand-level  on  the 
top  of  a  contour-rod,  backsights  on  a  station  of  known  elevation  to  get 
the  line  of  sight  at  the  height  of  some  even  5-ft.  contour.  (See  illustra- 
tion, p.  233.)  He  then  sends  Leveler  No.  2  out  at  right  angles  to  the 
transit  line  from  a  100-ft.  station  to  a  point  where  the  line  of  sight  cuts  the 
ground  (working  up  hill).  This  point  must  be  on  a  contour,  and  the  offset 
distance  to  it  may  be  measured  with  a  tape,  or  in  rough  work  it  may  be 
paced.  Leveler  No.  2  then  rests  his  level  on  a  contour-rod  at  this  point, 
and  sends  Leveler  No.  1  up  hill  to  a  point  where  his  line  of  sight  strikes  the 
ground,  Ijcveler  No.  1  either  carrying  one  end  of  the  tape  as  he  goes  or 
pacing  the  distance.  Thus  the  men  alternately  establish  contour-points 
on  the  offset  line  as  far  up  hill  as  desired,  then  they  work  from  the  station 
down  hill  in  the  same  way.  (How  will  the  work  going  down  hill  differ 
slightly  from  the  method  just  explained?)  All  the  point3  on  one  offset 
line  having  been  plotted,  the  party  repeats  the  work  at  the  next  100-ft. 
station^  Thus  the  work  is  carried  on,  contour-hnes  being  sketched  by 
joining  points  of  the  same  elevation.  Offset  Hnes  are  taken  between 
stations  where  irregularities  in  the  surface  of  the  ground  render  it  necessary. 

When  the  elevations  of  stations  have  not  been  established  previously 
it  will  be  necessary  to  take  turning-points  as  in  ordinary  leveling  in  going 
from  one  station  to  the  next. 

(/)  Sixth  Illustration.  A  plane-table  is  intended  pri- 
marily for  horizontal  control,  but  if  a  vertical  arc  is  a.UA.^vi^ 
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to  the  telescope,  it  can  be  used  also  for  vertical  contrdi.  la 
that  case  the  entire  work  in  the  third  illustration  (p.  350^  could 
be  done  with  the  plane-table,  no  other  instrument  being  re- 
quired. It  could  be  used  for  horizontal  control  in  the  first  aikl 
second  illustrations  (pp.  349  and  350),  taking  the  place  of  the 
transit  and  of  the  plot  ting-board,  the  contour-points  being 
located  and  plotted  simultaneously  as  fast  as  they  are  deter- 
mined by  the  level  party.  In  the  same  way,  it  could  be  used 
in  connection  with  the  hand-level  in  the  fifth  illustration;  in 
fact,  the  combination  of  the  traverse-board  (a  rough  plane- 
table)  and  the  hand-level  is  a  very  common  one. 

When  the  horizontal  distances  and  the  elevations  of  points 
are  reduced  from  stadia  readings  and  vertical  angles,  the  man 
who  runs  the  plane-table  may  be  assisted  by  a  computer,  whose 
duties  are  those  described  in  the  secord  illustration. 

(g)  Seventh  Illustration,  Summary  of  Methods.  The  fol- 
lowing outline  indicates  the  work  done  by  a  class  in  making  a 
topographic  survey  of  a  rather  extended  area.  It  was  desired 
to  illustrate  as  many  methods  as  possible,  and  to  furnish  work 
for  a  large  number  of  parties,  each  party  going  from  one  kind 
of  work  to  another  until  it  had  been  givten  practice  in  all  the 
different  methods.  This  illustration  will  serve  to  summarize 
the  methods  of  this  chapter  and  to  show  how  different  methods 
may  be  combined  in  the  same  survey. 

(1)  Made  a  reconnoissance  with  the  class,  with  the  following  objects  in 
view:  to  get  an  idea  of  the  drainage  of  the  country;  to  ascertain  what  areas 
were  wooded  and  what  were  comparatively  open ;  to  find  favorable  locations 
for  triangulation  stations  (p.  192),  and  to  plan  the  trianffulation  net  (p. 
191);  to  select  a  place  for  a  base-line  (p.  193),  and  decide  upon  its  ap- 
proximate length  (p.  194):  to  decide  tentatively  where  to  run  traverse! 
and  what  instruments  and  methods  to  use. 

(2)  Secured  from  a  railroad  company  the  elevation  of  the  nearest  bench, 
used  this  elevation  in  adopting  a  datum  for  leveling,  and  started  parties 
from  this  bench  to  run  lines  of  levels  to  the  two  ends  of  the  base-line, 
where  the  first  benches  of  the  survey  were  to  be  estabhshed. 

(3)  Built  signals  at  points  selected  for  triangulation  stations  (p.  198). 

(4)  Set  a  hub  for  each  end  of  the  base-Une  (p.  57),  referenced  each  hub 
(p.  203),  set  parties  at  work  meapuring  the  base-line  (p.  67). 

(5)  Set  parties  at  work  nerfuring  the  angles  of  the  tnangulation  net 
(p.  194),  and  the  vertical  angles  to  triangiilation  stations  required  for 
trigonometric  leveling  (p.  200).  ,    ,      .         i.       i. 

(6)  Plstablished  a  true  meridian  through  one  end  of  the  base-line  by 
observation  on  Polaris  (Chapter  XXVIII),  found  the  true  bearing  of  the 
base-line  by  measuring  the  angle  between  it  and  the  mendian,  checked 
*"ll!'®^""«  ^y  observations  on  Polaris  at  the  other  end  of  the  bape-bne. 

(7)  Started  transit  parties  to  establish  secondary  stations  by  running 
traverses  (direct-angle  method,  angles  doubled  (p.  154)),  each  party  to 
begm  at  one  primarv  (triangulation)  station  and  to  close  on  *"«  sajne^f' 
some  other  primary  station,  all  secondary  stations  to  be  established  with 
due  reeard  to  their  future  usefulness  (p.  150).  _.   ui»  v 

(8)  Started  level  parties  from  the  benches  near  the  base-line  to  establisH 
benches  near  secondary  stations,  checking  whenever  possible  on  primary 
stations,  the  elevations  of  which  were  found  by  trigonometric  leveling 

(9)  Set  plane-table  parties  at  work  in  open  country,  some  of  the  parties 
to  start  from  primarv  or  secondarv  stations,  and,  establishing  their  own 
tertiary  stations  by  traversing  (p.  322),  to  close  on  some  primary  or  sec- 
ondary station.     CHher  parties  are  to  set  up  in  some  commanding  position 

from  wblcb  thnpe  stations  previously  plotted  are  visiblet  and  orient  by 
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iree>point  problem  (p.  329).  In  either  case  contours  are  to  be  sketched 
stacfia  and  vertical-angle  method  as  in  the  third  illustration  (p.  350 ;|. 
)  Set  transit  parties  at  work  in  wooded  areas  unfavorable  for  tri- 
ation,  each  party^  to  start  from  a  primary  or  secondary  station,  es- 
hing  tertiary  stations  if  necessary,  and  to  close  on  a  pnmary  or  sec* 
y  station.  Method  of  procedure  exactly  the  same  a^  in  the  third 
"tftion  (p.  350). 

)  Set  transit  parties  at  work  to  run  a  preliminary  survey  for  con- 
ing a  new  road,  t3dng  this  survey  whenever  possible  to  the  main 
y  and  running  in  contours  with  the  level  and  hand-level  as  in  the  fourth 
'ation  (p.  350). 

)  Detailed  compass  parties  to  locate  high  cliffs  and  deep  gorges, 
iuces  in  elevations  between  top  and  bottom  lines  or  other  control- 
les  to  be  taken  with  an  aneroid  barometer,  and  lese  steep  slopes  with 
linometer,  intervening  contours  to  be  interpolated.  Compass  lines 
>  be  tied  to  primary  or  secondary  stations,  and  aneroid  readings  to  be 
ared  with  elevations  at  benches  whenever  possible. 


CHAPTER  XXVm 

DETERMINATION  OF  A  MERIDIAN 

Bt   ObSXBTATIONS  on  P0LABI8 

Trb  limplest  and  most  direct  method  of  determining  a  tme  meridian  it 
by  observations  on  Polaris.  This  method  is  easily  understood,  and  easily 
carried  oat  in  the  field.  It  involves  almost  no  computations,  and  the  few 
astronomical  data  required  are  easily  obtained.* 


412.  Why  Polaris  is  Chosen  for  Observattons.     The  two 

points  in  which  the  axis  of  the  earth,  indefinitely  produced, 
pierces  the  celestial  sphere  are  the  celestial  poles.  One  of  these 
points  will  be  referred  to  throughout  this  chapter  as  the  North 
Pole  or  simply  Pole.  •  All  heavenly  bodies  appear  to  revolve 
once  a  day  about  the  earth,  describing  circles  on  the  celestial 
sphere.  If  the  distance  of  a  star  from  the  Pole  is  less  than  the' 
altitude  of  the  pole,  the  circle  which  the  star  apparently  de- 
scribes will  not  meet  the  horizon  at  all,  and  the  star  will,  there- 
fore, neither  rise  nor  set,  but  it  will  appear  to  revolve  about 
the  pole  as  a  center.  If  there  were  any  star  exactly  at  the  Pole 
it  would  seem  to  remain  stationary,  and  to  determine  a  true 
meridian  it  would  be  necessary  simply  to  bring  the  cross-hairs 
of  the  telescope  upon  it;  but,  imfortunately  for  the  purposes 
of  the  surveyor,  there  is  no  such  star.  Contrary  to  a  general 
impression,  Polaris  (North  Star)  is  not  exactly  at  the  Pole, 
but  like  all  the  other  stars,  it  appears  to  revolve  around  it. 
The  radius  of  its  diurnal  orbit  is  so  small,  however,  that  of  all 
the  stars,  Polaris  is  the  most  convenient  for*  determining  a 
meridian.  Any  other  star  near  the  pole  can  be  used,  provided 
that  certain  data  concerning  it  are  known. 

*  Other  methods  most  used  by  surveyors  for  determining  a  true  merid- 
ian depend  upon  observations  on  the  sun.  They  are  somewhat  d^cult 
to  understand  and  to  carry  out  in  the  field,  more  or  less  computation  is 
involved,  and,  for  accurate  results,  astronomical  data  are  requu«d  whieh 
are  not  always  at  hand.  These  methods  may  be  studied  to  better  advan- 
tage in  connection  with  a  course  in  field  astronomy,  but  for  purposes  of 
raMrence  they  are  outlined  in  Appendix  I. 

354 
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413.  Facts  Concerning  Polaris*  Before  describing  the 
method  of  taking  observations,  certain  facts  concerning  Polaris 
will  be  given. 

1.  A  simple  way  of  finding  Polaris  is  to  find  first  the  "Great  Dipoco'" 
(Ursa  Major),  and  then  to  follow  the  line  throu^  the  two  "  Pointers,  i.e. 
the  two  stars  farthest  from  the  handle;  this  Ime  passes  very  near  to  the 
pole.     (See  Fig.  413  (o).)  ,  .      .     ^      .,      ,    , 

2.  Polaris  is  the  end  star  m  the  handle  of  the 

"Little  Dipper"  (Ursa  Minor).     About  15°  from 

e^     I  the  pole  is  another  star  about  as  bright  as  Po- 

^        I  laris,  and  between  these  two  is  a  curved  row  of 

^  it  Polaris  three   faint   stars    forming    the    handle   of   the 

*         1^  Pole  "  Little  Dipper." 

2;   -J*  ^   1  3.  As    Polaris,    revolving     counter   clockwise 

ii        ^     I  about  the  Pole,  reaches  its  [highest  point,  C/.C. 

A"^   "^     \        ^  (Fig.  413   (6)),  it  is  said  to  be  at  its  upper  cul- 

I         \  minationt  when  it  reaches  its  l9west  pomt,  L.C., 

I  \   J.  „  -  it  is  at  its  /otter  cvlmina- 

I  ^^  //^\  ***  ^  *"**  median. 

Xk  •D\PP«'  *v\  .    -  jr      P    \  4.  When  Polaris  reaches 

Otcr i^   *  .    **  ^-  ^  \ — '  ^^^  ^      the  most  easterly  point  of 

^  11^        ''^      \  V       y/  its  orbit  it  is  at  its  etutem 

^  I  Mizar  ^^^  elonaation,  E.E.;    likewise 

•  ^  c*  at  the  most  westerly  point 

Fig.  413  (a).  Fio.  413  (6).  it  is  at  its  tcesiem  elonga- 

tion, W.E. 

5.  The  earth  turns  on  its  axis  once  in  about  23  hrs.  56.1  m.  {the  sidereal 
day),  hence  Polaris  reaches  any  point  in  its  orbit,  as,  for  example,  its  cul- 
mination or  elongation,  about  4  min.  earlier  e&ch  day  than  it  did  the  pre- 
ceding day.       • 

6.  The  radius  of  the  circle  in  which  Polaris  appears  to  revolve  changes 
from  year  to  year.  This  radius,  called  the  polar  distance,  when  first  re- 
corded was  about  12°;  it  is  now  (1907)  about  1°  11'.37.  It  will  continue  to 
grow  less  at  the  rate  of  0.31'  per  year  (approximately)  until  the  star  is 
about  30'  from  the  pole,  when  it  will  begin  to  increase.  In  1910  it  will  be 
1°  10'.44,  in  1915,  1°  08'.89,  in  1920,  1^  07'.35.  The  mean  polar  distance 
or  00°  minus  the  mean  declination  of  Polaris  is  given  for  the  beginning  of 
each  year  up  to  1920  in  a  table  in  Appendix  I. 

7.  If  an  observer  at  the^.^quator  points  the  telescope  of  his  transit  at 
Polaris  when  at  its  eastern  elongation,  the  line  of  sight  will  be  east  of  the 
true  north  by  an  amount  equal  to  the  polar  distance;  at  the  ueatem  elon- 
gation the  line  of  sight  will  be  the  same  distance  uest  of  the  true  north. 
But  if  the  observer  is  in  a  latitude  north  of  the  equator,  and  points  his 
telescope  at  Polaris  when  at  its  elongation,  the  line  of  sight  will  make  an 
angle  with  a  N.  and  S.  line  greater  than  the  polar  distance,  and  the  farther 
north  the  observer  the  greater  this  angle.  Thus,  for  example,  at  the  equa- 
tor in  1907  this  angle  is  1°  11'.37,  but  at  a  latitude  of  40°  this  angle  would 
be  1°  33'.2,  or  22'  greater  than  the  polar  distance.  This  horizontal  angle 
)>etween  the  north  point  and  the  line  of  sight  to  Polaris  at  elong&tion  is 
called  the  azimuth  at  elongation  and  is  not  to  be  confused  with  polar  dis- 
tance since  the  two  are  not  the  same  except  at  the  equator.  (This  mean- 
ing of  azimuth  is  the  same  as  that  given  on  p.  114.)  Azimuth  varies  with 
the  position  of  the  observer,  but  polar  distance  does  not.*     The  azimuth 

*  A  line  produced  indefinitely  from  the  center  of  the  earth  through  any 
point  on  its  surface  pierces  the  celestial  sphere  in  the  zenith  for  that  point, 
and  hence  observers  at  different  points  will  have  different  zeniths.  The 
spherical  triangle  PZS  having  for  its  vertices  the  Pole  (P),  the  zenith 
(Z),  and  a  heavenly  body  /S  is  an  astronomical  triangle.     (See  Appendix  I.) 

The  azimuth  of  any  star  at  elongation  is  equal  to  the  angle  PZS,  but  since 
Z  changes  for  different  points  of  the  earth's  surface  the  cusimuth  PZS  must 
change  also,  but  the  polar  distance  PS  at  any  given  time  is,  of  course,  the 
same,  for  it  is  in  no  way  connected  with  the  position  of  the  observer. 

If  the  observer  is  at  the  equator  his  zenith  must  be  90°  from  the  pole. 
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for  any  t^roi  latitude  and  date  can  be  found  from  a  table  in  the  baek  of 
this  book. 

8.  The  vertical  angle  which  a  line  of  sight  to  Polaris  makes  with  the  hcui- 
Bontal  is  equal,  approximately,  to  the  latitude  of  the  point  where  the  tran* 
sit  stands.  If  Polaris  were  exactly  at  the  north  pole  the  vertical  ancle 
would  be  exactly  equal  to  the  latitude.     (See  Appendix  I.) 

9.  When  Polaris  is  at  its  upper  or  lower  culmination  a  line  of  nl^t 
directed  to  it  from  any  iK)int  on  the  earth's  surface  will  be  a  true  N.  and 
8.  line.     This  occurs  twice  every  twenty-four  hours. 

10.  For  the  year  1905  Polaris  reached  its  culmination  4  min.  21  sec.  after 
it  was  in  the  same  vertical  plane  with  JIf  iior,  the  second  star  from  the  end 
of  the  handle  of  the  Great  Dipp«-.  (See  Fig.  413(a).)  For  each  year  after 
1905  add  21  seconds.     Thus  in  1910  the  interval  will  be  6  min.  6  see. 

11.  The  azimuth  of  Polaris  at  any  ^ven  time  can  be  calculated  by  egbat* 
ical  trigonometry.     At  elongation  it  is: 

a.        *      .      *u    1.    1         *.•         sinepolardistanoe 

Sme  of  azunuth  at  elongation » : — ,  ^.^    . — ., 

cosme  latitude 

414.  Three  Methods  of  Observing  Polaris.     (1)  At  either 

elongation.  (2)  At  either  culmination.  (3)  At  any  time. 
The  three  methods  will  be  outlined  first,  and  then  practical  sug- 
gestions given  for  carrying  on  the  work  in  detail. 

I.  At  elongation.  (1)  Before  the  night  of  the  observation 
look  up  in  the  table  given  in  the  back  of  this  book  the  time  oi 
elongation  of  Polaris  in  1905  for  latitude  40°  and  longitude  90**, 
and  make  proper  corrections  (see  Suggestion  (1)).  It  is  con- 
venient, but  not  essential,  to  know  the  time  of  elongation 
within  a  minute  or  two.  (2)  Set  up  the  transit  ten  or  fifteen 
minutes  before  the  time  of  elongation,  and  keeping  the  vertical 
cross-hair  exactly  on  Polaris  follow  the  star  until  it  reaches  its 
elongation .  (see  Suggestions  (2)  to  (8)).  (3)  Depress  the  tele- 
scope and  set  a  point  300  or  400  ft.  away  (see  Suggestion  (9)). 
The  line  from  the  transit  to  the  point  thus  established  makes 
an  angle  with  a  true  meridian  equal  to  the  azimuth  of  Polaris 
at  elongation.  The  remainder  of  the  work  may  be  done  more 
conveniently  in  the  daytime.  (4)  Before  continuing  the  work 
the  next  day,  look  up  in  the  table  in  the  back  of  the  book  the 
azimuth  of  Polaris  at  elongation  for  the  given  year  and  lati- 
tude. (5)  Set  up  over  the  point  occupied  the  night  before, 
backsight  at  the  point  established  by  the  observation  on  Po- 
laris, and  turn  off  the  azimuth  found  in  (4),  clockwise  if  the 

7.e.,  PZ«90**,  and  if  the  star  is  at  its  elongation  ZS  must  equal  W*  also, 
hence  the  angle  PZS  must  equal  the  arc  PS,  i.e.,  the  azimuth  equals  the 
polar  distance.  As  the  observer  goes  north,  however,  his  senith  moves 
towards  P,  i.e.,  PZ  becomes  less  thsm  90°,  f<jr  PZ  must  alwaya  equal  9ff 
minus  the  latitude  of  the  obaerver.  The  farther  north  the  observer  goes  the 
shorter  become  the  two  sides  PZ  and  SZ  of  the  triangle  PZS,  but  since 
the  third  side  PS  remains  the  same  the  angle  PZS,  opposite  to  PS,  must 
increase,  i.e.,  the  greater  the  latitude  of  the  observo*  the  greater  the  asi« 
zauth  ol  the  star. 
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observation  was  taken  at  the  western  elongation,  counter- 
clockwise if  taken  at  the  eastern  elongation.  The  line  thus 
established  is  in  the  true  meridian. 

>  aboTS  method  of  procedure  will  oEten 
,_, .  objectioDH  W  it:    (1)  There  ia  no  check 

nght  don  not  revolve  id  a  vertical  plane.  Ihe  resulting  error  in  likely  to 
be  laraa  since  the  vertical  kheI*  throunh  which  the  teleacape  is  depmsed 
■Iter  Bi^liiw  at  Polarii  it  large.     Bolh  objections  may  be  overcome  by 

■cope  'normal  end  IhB  second  with  it  inverted.  '  If  the  two  puinl>  thus 

may  be  eliminaied  by  taking  a  point  hall'way  between.  (See  tbe  third 
adjustment  of  the  Iianeit  in  ^rt  III.) 

(b)  PracHcat  luei/etaiina.     |l)  Tbe  time  of  elongatioa  as  taken  from  (he 
table  should  be  corrected  for  the  year,  and  (or  the  day  of  Ihe  month,  but 

This  corrected  quantity  is  the  local  time  of  elongation,  but  m  the  Uuited 
States  the  observer's  watch  is  usually  set  tti  "Blandard  time"  and  unleea 
he  is  on  a  standard  meridian  (75°,  S0°,  105°,  or  120°  W»t  LoDlitude)  ha 
must  aUow  for  Ihe  diflereuce  between  watch  time  and  local  time.  To  do 
this.  And  the  difference  in  degrees  and  minutes  between  the  longitude  of 
the  place  of  obeervation  and  the  nearest  standard  meridian  (or  Ihe  one 
correflponding  to  his  watch  time),  multiply  by  four  and  call  the  product  of 
the  degrees,  minutes,  and  of  the  minutes,  seconds  of  lime.  For  example, 
if  the  observer  is  at  70°  EC  West  Longitude  then:  75°-70°  Z0'^4°  W; 
d'  iO')Xi-ia  min.  160  sec.  -  IS  min.  40  sec.  Hence  elongation  will 
take  place  18  mia.  40  see.  earlier  it  timed  hy  the  observer's  watch.  If 
the  otxerratton  is  at  any  time  within  four  minutes  of  elontTBtlon  (he  ob- 
lerved  aiimuth  will  dtfler  from  the  ailmuCh  at  elongation  by  less  than 
ODE  second  of  arc,  heace  it  is  f  r  more  imporUint  to  eliminate  instrumenlal 

Polaris  at  the  eiSct  time  of  its  etormtion.  (2)  It  is  well  to  test  the  transit 
tor  adjustment  on  the  dav  of  (he  ofoervatjon.  to  make  sure  that  the  line  of 
sight  revolves  in  a  vertical  plane.  For  tbe  'Bjvr  rras.jTi  great  pains  should 
be  Uken  in  "leveling  up''  the  transit  at  llii'  rin.'-  <■!  the  observations 
(3)  The  point  over  which  the  tr«nrit  stand-  liiinni-  rlic  iibservatioris  (hould 
be  chosen  so  that  the  point  established  sfirr  Fffhiirn'  at  Polaris  may  be 

a  survey,  or  else,  before 'nighlf a".  <0  set  a  r.jji.l  f,.rH,ia  purpose  on  one  of 

be  calculated  easilv.  (See  Sta.  Y,  p.  390.J  (4)  ^  'ii^i^-li  *»y  of  bringing 
Polaris  into  the  field  of  the  telescope  Li  to  rliirnp  lli"  Intlcr  mclined  at  an 
angle  equal  to  the  latitude  of  the  observer,  oi.r!  ("  liim  the  transit  on  tW 
■pindle  until.  lookinK  along  the  top  of  the  k-Iotjiic,  Polaris  is  In  line.  ■ 
(S)  The  telescope  must  bo  focused  for  distant  isbjcclf.  As  this  is  some- 
times difficult  lo  do  at  nigbl  it  is  well  to  mark  thp  correct  position,  once 
for  all.  DO  the  objeet-glsian    '"•-        ""  ""-  '" "  "-  ""—-''-"    *■"''' 


.  will  ent«_  the  telescope.  _  If  the  transit  >  not  provided  *rilh 


laotero  within  three  or  four  inches  of  (he  object-gtes^s 

"'"  "  "'imi'b'jl 

rhile  the  rest  of  the  psper 
nenting  I'hould  make  the 
the  eyepiece  while  sight- 


rubber  band  a 


sr  at  the  westero  elon^tiau  for  ac 
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appean  to  ftay  on  therertkal  hair,  bat  Toamm  downward,  and  finnttf  eaM 
ward.  It  is  well  to  take  two  obaervatioDS  at  eloii|(atk>n,  one  with  UM  tele- 
scope normal  and  one  with  it  inverted,  as  explained  -above.  (9)  ^^•fo«* 
d^reaeins  the  teleeeope  to  eetabliah  the  point  <m  the  ground  makm  mm 
that  all  damp*  are  tight.  To  aet  the  point  brinf  a  lantern  into  am 
by  noting  across  the  top  of  the  telescope  and  signaling  with  anoUiw 
iMitem  held  at  tne  transit.  Set  a  stake  in  line  a  tew  inebea  m  f™t>  of 
the  lantern,  driving  it  until  the  top  is  a  little  above  the  croaiML  »<"^  a 
pencil  on  the  stake  and  a  handkerchief  back  of  the  pencu  but  in  front  of 
the  lantern.  The  handkerchief  not  only  makes  the  pencil  stand  out  with 
ffurprisinp  distinctness,  but  it  renders  the  eross-hain  plainly  vieible,  and 
the  pencd  is  easily  broogfat  into  line  and  a  tack  set  in  the  stake.  Some' 
times  it  is  more  convenient  to  hold  a  piece  of  white  paper  ai^ainat  the  side 
of  a  fence  or  building,  and  then  direct  a  strong  li^t  on  a  pencil  held  againsi 
the  paper.  A  box,  open  on  two  sides,  with  a  thin  sheet  of  paper  sti^tehed 
across  one  of  the  openings,  and  a  light  behind  the  paper,  10  sometimsi 
used.  (10)  Check  observations  may  be  taken  at  any  time  witiiin  an  hoar 
of  elongation,  by  correcting  the  azimuth  by  the  formula  c- 1:1'  (see  p.  350)* 


II.  At  culmination.  (1)  The  time  may  be  taken  from  the 
table  in  the  back  of  the  book.  It  may  also  be  known  by  ob- 
serving when  Polaris  and  Mizar  are  in  the  same  vertical  plane, 
and  following  Polaris  for  the  proper  interval  afterward  (4  m, 
21  sec.  in  1905,  see  (10),  p.  356).  Notice  that  in  this  second 
method,  it  matters  not  if  the  observer's  watch  is  slow  or  fast. 
(2}  Having  sighted  on  Polaris  at  the  moment  of  its  culminap 
tion,  depress  the  telescope  and  set  a  point  as  in  Method  I. 
The  line  from  the  transit  to  the  point  thus  established  is  a  true 
N.  and  S.  line. 

(e)  NoU.  Since  Polaris  and  Mizar  cannot  be  seen  within  the  field  of  the 
telescope,  it  is  necessary  to  alternately  sight  at  Polaris  and  th«i  at  Misar 
to  determine  the  moment  when  they  are  Doth  in  the  same  vertical  plane. 
This  is  likely  to  be  the  source  of  a  small  error. 

When  Mizar  cannot  be  used,  as  in  the  sprmg  months,  the  star  9  Car* 
siopei^  is  sometimes  used  instead.  Culmination  occurs  about  5  m.  5.  sec 
(in  1905)  after  this  star  is  in  the  same  vertical  plane  with  Polaris,  the 
interval  increasing  at  the  rate  of  about  20  seconds  per  year.  ^ 

The  time  from  either  elongation  to  upper  culmination  is  about  5  hr. 
55  m.,  while  from  either  elongation  to  lower  culmination  it  is  about  0  hr. 
3  m. 

III.  At  any  time.  (1)  Set  up  the  transit  and  sight  at 
Polaris,  noting  the  time  of  observation.  The  nearer  to  the 
time  of  elongation  the  more  slowly  the  star  is  moving  and  the 
blotter  will  be  the  results.  (2)  Set  a  point  several  hundred  feet 
away,  as  in  the  two  preceding  methods.  (3)  The  azimuth  of 
t  his  line  for  the  year,  hour,  and  latitude  may  be  ascertained  at 
leisure  (see  suggestions  below),  and  the  angle  turned  off  the 
following  day  to  establish  a  true  meridian,  as  in  Method  I. 

(d)  Practical  suggestions.  In  this  method  it  is  necessary  to  know  the 
local  time  of  the  observation  to  the  nearest  minute,  and  to  ascertain  the 
azimuth  of  Polaris  for  that  time  and  for  the  latitude  of  the  observer.  This 
•''muth  may  be  found  from  tables  given  in  the  "Manual  of  Survesring 
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Instruction,"  issued  by  the  General  Land  Office,*  or  it  may  be  computed. 
If  the  observation  is  made  within,  say,  an  hour  b€»fore  or  after  elongation 
the  followmg  approximate  correction  will  give  the  azimuth  to  within  a 
small  fraction  of  a  minute,  c^kt^,  where  c  — correction  in  secoiyis  of  arc 
to  be  applied  to  the  azimuth  at  elongation,  t=time  of  observation  before 
or  after  elongation  in  minutes,  and  k  a  coefficient  depending  on  the  lati- 
tude.    For  30°  k  -  0.052,  for  40°  ib  =-  0.058,  and  for  50°  %  =  0.069.  t 

The  true  value  of  the  azimuth  of  Polaris  at  any  time  may  be  computed 
by  the  methods  explained  in  books  on  field  or  geodetic  astronomy. 

415.  Methods  Compared,  (a)  At  elongation.  The  proper 
time  for  sighting  on  the  star  is  known  without  depending  upon 
the  watch.  There  is  time  to  make  two  or  more  observations 
while  Polaris  is  moving  apparently  neither  east  nor  west.  Little 
or  no  calculation  is  involved.  With  the  same  care  the  error 
is  likely  to  be  smaller  than  those  made  in  the  other  two  methods. 
The  only  disadvantage  is  that  both  elongations  may  occur  at 
inconvenient  times  for  observations,  very  late  at  night,  or  in 
the  daytime.  (See  April  15,  in  taUe  for  time  of  elongations.) 
If  instrumental  errors  are  eliminated  either  by  careful  adjust- 
ment and  leveling  or  by  repetition  (modified  method,  p.  357), 
the  error  should  never  exceed  one  minute  of  arc,  and  usually  it 
should  be  less  than  30". 

(&)  At  culmination.  The  star  appears  to  be  moving  rapidly, 
and  an  error  in  time  of  two  minutes  is  equivalent  to  about  one 
minute  of  arc,  hence  the  observation  must  be  taken  more 
quickly  and  at  the  proper  moment.  It  is  more  difficult  to 
eUminate  errors  of  adjustment  by  two  observations.  If  the 
time  of  culmination  is  found  by  sighting  at  Mizar,  it  is  some- 
what difiicult  to  ascertain  when  this  star  is  in  the  same  vertical 
plane  with  Polaris,  as  the  two  are  not  in  the  field  of  the  tele- 
scope at  the  same  time.  With  reasonable  care,  however,  the 
error  of  observation  at  culmination  should  not  exceed  one 
minute  of  arc. 

(c)  At  any  time.  The  method  has  all  the  disadvantages  of 
the  preceding  method,  and  in  addition  it  involves  considerable 
calculation,  correct  data  for  which  are  not  always  at  hand. 
The  method  is  used  only  when  the  other  two  are  impracticable. 
416.  Rough  Deter^nination  of  the  True  Meridian.  If 
a  transit  is  not  at  hand,  any  of  the  preceding  methods,  espe- 
cially the  first  two,  may  be  carried  out  roughly  as  follows:  Sus- 
p)end  a  long  plumb-line,  and  on  a  level  support  place  the  rear- 

♦  See  Johnson's  Theory  and  Practice  of  Survsying,  p.  569. 
t  Ibid.,  p.  567. 
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lAffit  of  a  compass  or  anything  having  a  small  bole  in  il  to 
look  through.  Shift  the  sight  to  the  right  or  left  to  keep  it 
in  line  with  the  star  and  the  plumb-line  until  the  time  of  don- 
gation  or  culmination,  as  the  case  may  be.  The  line  of  m^^ 
thus  established  may  be  marked  by  stakes,  but  of  course  it 
will  be  shorter  and  much  less  accurate  than  if  estaUished  with 
a  transit.  With  care,  however,  a  meridian  can  be  estafalifiied 
in  this  way  with  sufficient  accturacy  for  the  purpoeee  of  com- 
pass surveying.  For  example,  if  the  plumb-line  is  50  ft.  from 
the  peep-sight  and  an  error  of,  say,  0.2  ft.  is  made  in  mf^ng 
and  setting  the  stake,  the  correE;>onding  angtilar  error  will  be 
about  14  minutes  of  arc.     (3ee  p.  105.) 

417.  To  Determine  the  Magnetic  Declination.  (1)  D»^ 
tcrmine  a  true  N.  and  S.  meridian  by  one  of  the  methods  of 
Art.  414.  (2)  With  vernier  at  zero,  backsight  along  the  meii- 
dian,  and  measure  the  angle  between  this  line  and  a  line  found 
by  turning  the  upper  plate  until  the  needle  points  to  the  xan 
of  the  compass-box.    This  angle  is  the  magnetic  declination. 

Pnutieal  ntgouHcnM.  (1)  If  there  2t  m  declin:  tkm  are,  be  tore  fhst  ft 
b  set  at  zero.  (2)  The  chief  difficultv  ir.  determiniiis  nuMPietie  declina- 
tion lies  in  the  lack  of  sensitiveness  of  the  needle.  It  will  oe  found  that 
when  the  needle  is  almost  at  zero^  the  upprr  plate  can  often  be  turned 
several  minutes  by  using  the  tangent  screw,  with  little  if  any  effect  on 
the  neerlle.  One  way  to  overcome  this  is  to  observe  the  reading  of  the 
vernier  when  the  needle  points  to  N..  then  unclamp  the  upper  plate,  turn 
it  several  desrees  in  any  direction  the  needle  having  been  raised  off  its 
pivot,  lower  the  needle,  quickly  set  the  vernier  at  its  original  reading  and 
see  if  the  nee.  lie  settleas  at  N.  If  not.  repeat  the  process,  changing  the 
setting  of  the  vernier  a  little  each  time  until  the  needle  does  settle  at  sero. 
Even  then  it  is  often  difficult  to  determine  the  declination  withiii  thrst 
or  four  minutes.  Aa  this,  however,  is  closer  than  one  can  read  the  com- 
pom,  this  error  is  usually  of  little  importance,  (3)  If  the  arimuth  of 
Polaris  has  been  determined,  it  is  not  necessary  of  coarse,  to  actually 
stake  out  a  M.  and  S.  line.  The  declination  may  be  measured  from  tm 
line  fixed  bv  the  observation  and  allowance  made  for  arimuth.  For 
example,  a  line  is  established  by  observation  at  eastern  elongation,  and 
the  arimuth  of  this  line  for  the  date  of  observation  is  1^  34'.  Baeksisbt- 
int  aim  7  this  line  with  vernier  at  zero,  and  then  turning  the  upperplate 
until  the  needle  points  exactly  at  zero,  the  vernier  readinir  is,  say,  17,  ICK. 
If  the  declination  is  tout  it  muft  be  12»  1<K-1*  34'-10f»  3(r.  If  the  dae* 
lination  is  east  it  must  be  IZ*  lO'+l'*  34^-13*  44' 


Part  II 

OFFICE  WORK 


INTRODUCTORY 

Office  wor^  may  be  divided  into  two  parts«  viz.:  (1)  Com^ 
puling  and  (2)  Drawing, 

418.  Computations  are  of  two  kinds*  (1)  Computations 
required  for  purposes  of  plotting,  which  include  such  work  as 
Calculation  of  Bearings  (Chapter  XXX),  Latitudes  and  Depar- 
tures (Chapter  XXXI),  Omitted  Measurements  (Chapter  XXXII). 
and  other  miscellaneous  computations  pieparatoiy  to  plotting 
maps  and  profiles. 

(2)  Qomputations  made  for  the  purpose  of  obtaining  data  to 
be  used  in  laying  out  work  in  the  field,  or  for  ascertaining  de- 
sired information  conoeming  the  tract  surveyed.  Under  this 
head  may  be  classed  such  work  as  Calculation  of  Areas  (Chapter 
XXXin),  PaHing  off  Land  (Chapter  XXXIV),  EaHhwork 
Computations  (Chapter  XXXV),  and  miscellaneous  work  in 
computing  dimensions  and  elevations. 

For  the  most  part  office  computations  involve  only  the  sim- 
plest principles  of  plane  trigonometry  and  of  geometry.  Accu- 
racy and  facility  in  the  use  of  logarithms  is  essential. 

419*  Drawing  consists  in  plotting  and  in  finishing  maps  and 
profiles,  and,  occasionally,  in  the  graphic  solution  of  problems. 

(1)  Plotting  consists  mainly  in  reversing  on  paper  operations 
in  the  field,  drawing  instruments  being  used  in  place  of  field 
instruments,  and  measurements  being  laid  off  to  a  greatly  re^ 
duced  scale.  The  nature  of  this  work  is  suggested  by  the  fol^ 
lowing  chapters:  Methods  of  Plotting  Angles  (Chapter  XXXVIII), 
Methois  of  Plotting  Traverses  (Chapter  XXXIX),  Plotting  Details 
(Chapter  XLI).  and  Plotting  Profiles  (Chapter  XLIII).  Many 
of  the  methods  are  analogous  to  field  methods,  the  scale  being 
used  in  place  of  the  tape,  and  the  protractor  in  place  of  the 
transit  or  compass. 

(2)  Finishing  Maps  and  Profiles  (Chapter  XUI)  consists  in 
inking  the  pencil  drawing  in  lettering  the  map,  in  putting  on 
conventional  signs,  and  in  miscellaneous  work  such  as  drawing 
border-lines  and  meridian  needles. 


CHAPTER  XXIX 
OFFICE  COMPCTATIOXS 

GeneraIj  Dmscnoxs  and  Suggestions 

^x  this  chapter  are  gjven  general  cBrectiuos  and  saegestions  wlncii  mpftr 
to  ail  kinds  of  office  computations.  The  aim  is  to  oirtune  meChoda  of  aToidU 
ing  mistakes  and  <^  eoooomizins  time. 


420.  Checking  Computations  is  recognized  in  practice  as 
a  very  essential  part  of  office  work.  Xo  important  result  is 
allowed  to  stand  until  it  has  been  checked.  Each  student, 
therefore,  should  learn  to  check  his  own  work  as  a  matter  of 
course;  otherwise  he  will  find  himself  severely  handica^^ied 
when  he  enters  upon  actual  practice.  Once  he  understands  a 
method,  he  should  find  his  own  mistakes,  and  make  sore  of  his 
own  results,  before  submitting  work  to  an  instructor. 

Remark.  Frequently  students  may  work  together  with  profit  tf^b<k» 
aiudying  methods,  but  the  habit  of  comparing  results'  at  every  omMMlunity 
IB  a  real  weakness  which  is  likely  to  cling  to  one  long  after  graduation.  It 
is  true  that  in  practice  two  men  often  work  on  the  same  probton,  bat 
unless  they  work  ind^>endently  any  agreonent  in  results  is  ex  little  Taloe 
as  a  check. 

There  are  several  general  methods  of  checking  computations, 
among  which  are:  (1)  Checking  arithmetical  work  step  by  step^ 
as,  for  example,  checking  multiplication  by  casting  out  ninei 
(p.  366).  (2)  Checking  results  by  known  conditions,  as,  foi 
example,  checking  the  three  computed  values  of  the  intericNr 
angles  of  a  triangle  by  comparing  their  simi  with  180**.  (3) 
Checking  a  result  by  using  a  different  method  of  computation, 
as,  for  example,  finding  the  length  of  the  hypothenuse  of  s 
right-angled  triangle  by  trigonometry  and  then  checking  it  by 
squaring  the  other  two  sides.  (4)  Checking  a  result  by  using 
different  data,  as,  for  example,  checking  the  length  of  a  diag- 
onal of  a  quadrilateral  by  solving  each  of  the  two  triangles  of 
which  it  is  a  common  side.     Usually  one  or  more  of  these 

362 
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methods  of  checking  can  be  used,  no  matter  what  the  nature 
of  the  computations  may  be. 

(a)  Approximate  checks  are  of  great  value  in  making  sure  that 
no  large  mistake  has  been  made.  Computed  areas  may  be 
checked  approximately  by  means  of  the  planimeter  (p.  408). 
Latitudes  and  departures  of  a  traverse  which  does  not  close 
may  be  checked  roughly  by  plotting  the  traverse  (p.  463). 
Computed  lengths  may  be  checked  by  scaling  the  map.  Accu- 
rate computations  may  be  checked  roughly  by  the  use  of  the 
jlide-rule.  Thus  many  approximate  methods  are  constantly 
used  to  check  results  which  have  been  obtained  by  more  ace  u 
rate  methods. 

421.  Systematic  Methods.  The  main  object  of  systematic 
methods  in  office  work  is  to  economize  time.  Checks  are  used 
to  detect  mistakes,  systematic  methods  to  avoid  them.  The 
remarks  in  Art.  15,  p.  8,  are  especially  true  of  office  computa- 
tions. 

Remark.  It  is  sometimes  difficult  to  convince  students  that  systematio 
methods  actually  shorten  work.  In  the  long  run  it  will  take  less  time  to 
avoid  mistakes  than  to  correct  them^  Why  not  take  a  livtle  trouble  to 
avoid  much  trouble? 

The  following  suggestions  are  offered  for  systematizing  office 
computations: 

(1)  A  *' separate-leaf**' not&-book  with  pages  about  8"X10J" 
is  recommended  for  class-work.  The  computations  for  each 
exercise  can  be  handed  in,  checked,  returned,  arranged  in  logi- 
cal order  in  the  note-book,  and  preserved  for  future  reference. 
Avoid  the  use  of  loose  scraps  of  paper  for  computations. 

(2)  Arrangeinent.  Adopt  some  economical  and  systematic 
arrangement.  If  the  same  kind  of  work  is  always  airanged  in 
the  same  way,  blunders  and  omissions  often  become  self-evi- 
dent. It  is  usually  advantageous  to  arrange  work  in  columns. 
(See  pp.  393  and  425.)  The  head  of  each  column,  each  final 
result,  and  all  other  important  quantities  should  be  labeled  so 
that  every  step  in  the  computations  may  be  followed  by  simply 
glancing  through  the  work.  At  the  head  of  the  page  the  prob- 
lems should  be  concisely  stated,  and  the  data  given. 

(3)  Order  of  procedure.  Having  brought  together  all  the 
necessary  data,  check  them  before  beginning  computations.  Too 
frequently  mistakes  are  made  in  copying  data  from  field  notes. 
Aim  to  perform  at  one  time  all  operations  that  are  alike.     (See 
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p.  374.)  Adhere  to  the  same  order  of  procedure  for  fiimilar 
problems,  so  that  much  of  the  work  will  become  automatic, 
and  the  chances  of  error  will'be  diminished. 

422.  Speed  in  computing  may  be  gained  in  several  ways, 
viz.:  (1)  By  adopting  economic  methods  of  procedure;  (2)  by 
using  short  cuts  in  arithmetical  work;  (3)  by  eliminating  un- 
necessary steps  and  worthless  refinements;  (4)  by  the  use  of 
tables;  (5)  by  the  use  of  graphic  methods;  (6)  by  the  use  oi 
mechanical  methods. 

423.  Economic  Methods  of  Procedure  con^st  lai^ly  in 
grouping  like  operations.  Frequently  the  entire  work  in  a 
problem  can  be  blocked  out  on  paper  m  some  convenient  form 
before  any  numerical  work  is  begun,  so  that  afterward  the  atten- 
tion may  be  concentrated  upon  the  mechanical  woik  of  com- 
putation (see  p.  399).  This  is  especiaUy  true  of  logarithmic 
computations.  The  less  the  mind  is  compelled  to  tmn  from  one 
thing  to  another  the  more  quickly  and  accurately  it  works. 

424.  Short  Cuts  in  Arithmetical  Work.  There  are  a  few 
simple  methods  of  shortening  arithmetical  work  in  conunon  use 
that  are  of  great  value  in  computing.  If  the  student  is  not 
already  familiar  with  those  given  in  this  article,  he  can  easily 
learn  them,  and,  once  he  becomes  accustomed  to  their  use,  he 
will  he  surprised  at  the  amount  of  time  they  save. 

(a)  Mental    multiplication.    The    product    of    composite 

numbers  may  be  obtained  mentally  by  resolving  them  into 

factors  and  finding  the  product  of  these  factors. 

(1)  32X28  =  16X8X7  =  896.       (2)  32  cu.  yds. X27  =  16X6X9  =  864  cu.  ff 

When  the  multiplier  is  a  factor  of  100  multiply  by  100  and  divide  by  the 

proper  quantity: 

(3)  68x25  =  6800-5-4  =  1700  (4)  98X50  =  9800-5-2  =  4900 

(5)  76X75  =  38004-1900  =  5700  (6)  41X150  =  4100-1-2050  =  6160. 

Mental  division  is  the  reverse  of  the  above. 
(7)  864  cu.  ft. -i- 27  =  864  divided  by  9  and  again  by  3  =32  cu.  yds. 


(6)  Long  multipucation  can  be  shortened  in  many  cases 
by  a  similar  method.  It  is  surprising  how  many  timea  two 
adjacent  figures  in  the  multiplier  form  a  number  which  is  an 
even  multiple  of  another  figure  in  the  multiplier. 

(1)  (2) 

2875  Circum.  =2468 

273  0.3183 

8625  7404 
77625  44424 
7404 


784875 


Diam.  =  785.5644 
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lUuatratum.  In  the  firtt  illustration  8625  is  multiplied  by  9,  finee 
27 —OX  3.  In  the  second  illustration  multiply  first  by  tiio  leit-baiul  3( 
and  then  7404  by  6,  since  1 8  »  6  X  3. 

(3)  Multiply  265694  X  407328,  multiplying  by  only  4  digits  instead  of  6. 

Suggestion:  32-4X8  and  49-7X7. 

(c)  LoNQ  DIVISION.    There  is  little  gained  in  applying  the 

corresponding  process  in  division  except  when  the  divisor  can 

be  factored  into  two  divisors,  each  of  which  does  not  exceed  12. 

lUuHration.    48026 -t- 63.    The  work  as  shown  requires  16    7)48026. 
figures,  while  long  division  by  the  r^^ar  method  would  re-      9|6Q89.4 
quire  at  least  29.  776.6 

(d)  Abridged  multiplication  may  be  used  when  the  prod- 
uct is  required  only  to  a  given  number  of  places  of  figures. 
The  method  of  procedure  is  as  follows:  (1)  Reverse  the  order 
of  the  figures  of  the  multiplier,  writing  them  directly  below 
those  of  the  multiplicand.  (2)  Multiply  in  the  usual  way, 
except  that  in  multiplying  by  any  figure  of  the  multiplier  begin 
with  the  one  in  the  multiplicand  directly  above  it,  mentally 
adding  anything  which  should  be  carried  from  the  multiplica- 
tion of  the  preceding  figure  of  the  multiplicand  by  this  figure 
of  the  multiplier;  the  result  is  the  first  right-hand  figure  of  the 
corresponding  partial  product.  The  partial  products  are  written 
so  that  their  right-hand  figures  are  in  the  same  vertical  column. 
The  decimal  point  is  determined  by  inspection. 

IlluHration.  Let  it  be  required  to  multiply  140.66  by  52.13  to  one  deci- 
mal place.  The  long  method  of  multiplication  and  the  short  method  are 
given  side  by  side. 

1  4  0.6  6  1  4  0.6  6 

5  2.13  31.2  5 


42198  70330 

14066  2813 

28132  141 

70330  42 


7  3  3  2.6  0  5  8  7  3  3  2.6 

Notice  that  in  multiplying  by  1  the  result  was  put  down  as  141  instead 
of  140.     This  w.'is  because  the  amount  to  carry  (0.6)  was  nearer  1  than  0. 

(e)  Note.  If  a  result  is  required  to  n  places  of  figures,  it  is  usually  best 
to  write  the  first  or  right-hand  figure  of  the  multiplier  under  the  n+l 
place  of  the  multiplicand,  i.e.,  carry  the  computation  one  more  place 
than  required.  This  is  illustrated  below,  where  the  result  was  required  to 
four  places  of  figures.     (Or  two  decimal  places.) 

4  8.6  6  7  8  4  8.6  6  7  8  4  8.6  6  7  8 

1.0  6  23  3  26  0.1  3  2  60.1 


1 460034  48668  4867 

973356  2920  292 

29  20068  97  10 

486678  14  1 


5169980394  51.6  99  51.7  0 
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The  rifl^t-hftiid  multiplication  ia  accurate  enough  for  most  purpoMS,  bat 
by  carrying  the  work  to  five  places,  as  in  the  middle  example,  the  result 
is  exact  to  four  places.  (In  this  case  it  happens  to  be  exact  to  nye  places.) 
'  (/)  Note.  Always  begin  bv  multipljring  that  figure  in  the  multipUcand 
which  stands  in  the  first  place  to  the  right  of  the  multiplier.  Before 
carrying  over  the  result,  change  it  to  the  single  digit  which  most  nearlv 
expresses  it  in  the  next  left-hand  place.  For  example,  if  the  product  is 
less  than  5  there  is  nothing  to  carry;  if  it  is  5  or  more  but  less  than  15 
there  is  one  to  carry;  if  it  is  15  or  more  but  less  than  25  ihere  is  two 
to  carry,  and  so  on.  Thus  in  the  middle  example  shown  above  when 
multiplying  by  6  the  process  is  6X6  =  36  or  nearly  4  and  (6X6)  +  4»40, 
giving  a  0  for  the  first  figure.  In  the  right-hand  example  in  multiplsring 
by  2  the  process  is  2X8  =  16  or  nearly  2  and  (2X4) +2  =  10. 

(g)  Abridged  division  consists  in  deleting  a  figiu*e  of  the 
divisor  in  each  partial  division  after  the  first,  instead  of  bring- 
ing down  the  next  figure  in  the  dividend. 


3.1416)41.689348(13.27 
31416 

3.1416)41.689348(13.27 
31416 

10273 
9425 

102733 
94248 

848 
628 

84854 
62832 

220 
220 

220228 
219912 

316 
lUuUration.  Notice  that  in  multiplying  the  divisor  after  deleting,  the 
figure  deleted  is  multiplied  mentally  and  the  nearest  digit  carried  over; 
thus  in  multiplying  by  3  begin  with  6,  the  figure  deleted,  then  3X6  =  18  =  2 
(nearly)  to  carry,  and  (3  XI) +  2  =  5,  the  first  digit  in  9425.  Likewise,  in 
multiplying  by  7,  7X4  =  28=3  (nearly)  and  (7Xl)+3=0,the  first  digit 
in  220. 

Remark.  If  a  quotient  is  desired  to  n  places  of  figures,  it  is  better  in 
some  cases  to  obtain  n-f-2  or  one  half  of  the  required  figures  before  begu- 
iling to  delete. 

Qi)  Rule  for  checking  multiplication.  Cast  out  nines 
from  (1)  the  multiplicand,  (2)  the  multiplier,  and  (3)  the  prod- 
uct. The  result  in  (3)  should  equal  the  product  of  the  results 
of  (1)  and  (2). 

Methods  of  coating  out  ninea.  Casting  out  nines  from  any  number  is 
equivalent  to  subtracting  from  that  number  the  nearest  multiple  of  nine. 
Tnia  may  be  accomplished  by  subtracting  from  the  aum  of  all  the  digits 
in  the  number  the  nearest  multiple  of  nine,  but  it  is  somewhat  easier  to 
cross  out  first  all  9's  and  all  figures  whose  sum  is  9  or  a  multiple  of  9,  and 
then  to  add  the  remaining  figures.     For  example,  let  4  867  428  be  the 

given  number;  first  cross  out  4,  8,  and  6,  also  2  and  7,  thus  leaving  4  and 
;  then  44-8  =  12  and  12  —  9  =  3  (or  what  amounts  to  the  same  thing, 
1  +  2=3).  The  same  result  is  obtained  by  adding  the  digits,  thus:  4+8+0 
+7  +  4  +  2+8=39  and  39-36=3  (or  3  +  9  =  12,  and  1  +  2=3).  Another 
method  is  to  bei^n  at  one  end'  to  add  the  digits,  but  to  keep  casting  out 
nines  as  the  addition  progresses,  thus:  4  +  8+6  =  0,  and  0+7  +  4+2=13  — 
1  +  3—4,  and  4+8  =  12=1+2  =  3.  Having  once  become  accustomed  to 
casting  out  nines  the  method  affords  a  very  simple  and  rapid  check  for 
muItlpIicAtioot  aa  illustrated  below.    (See  e3q>laxiation  top  of  next  page.) 
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18876  =  4  2WSi       =»  2 

VIS  =  3  31813       =  6 


7SW6  —  12-12  78^6^^-21=12 

3=3 

14066        -=  8  XX'>S1678       =»  3 

^2U        =■2  10)S2^       =  3 

X3A0O58= 16=16      SX0^^^O3^4  =0  =  9 

lUtatraRon,  Taking  the  multiplicands,  multipliers,  and  products  from 
pages  364  and  365,  the  nines  may  be  cast  out  as  indicated  sibove.  Notice 
that  7848  =  27  =  0  in  the  first  illustration.  In  the  number  5  169  980  304, 
the  three  O's  were  first  crossed  out,  then  6  and  3,  then  8  and  1,  leaving  6 
and  4  equal  to  0.  In  this  way  by  crossing  out  from  inspection  two  or 
more  figures  whose  sum  is  0  or  18  or  27,  the  work  becomes  very  simple. 

Remark.  Of  course  this  method  is  not  an  absolute  check,  for  it  will 
happen  occasionally  that  two  mistakes  are  made  which  offset  each  other 
For  example,  one  ngure  in  the  product  may  be  1  too  large  and  another  1 
too  small;  the  sum  would  check  though  the  product  would  be  wrong. 

If  the  remainder  in  either  factor  is  0,  it  is  necessary,  not  to  cast  out  nine^ 
from  the  other  factor,  but  simply  to  note  whether  the  remainder  of  the 
product  is  0.     Why? 

(i)  Rule  for  checking  division.  Cast  out  C's  from  (1)  the 
dividend,  (2)  the  divisor,  (3)  the  quotient,  and  (4)  the  re- 
mainder if  there  is  one.  Multiply  the  result  m  (2)  by  the 
result  in  (3)  and  add  the  result  in  (4).  This  final  result  should 
equal  the  result  in  (1).  This  process  is,  of  course,  the  reverse 
of  the  preceding. 

Illustration.  Take  the  dividend,  divisor,  quotient,  and  remainder  from 
p.  366: 

Dividend,  4L689348-7 

Divisor.  3.1416        =   6 

Quotient,  13.27       —  4 

Remainder,  316  =  L+24  =  7  (check) 

0*)  To  SQUARE  A  SMALL  NUMBER.  (1)  Add  to  or  subtract 
from  the  given  number  a  quantity  such  that  the  result  will  be 
a  multiple  of  ten.  (2)  Subtract  from  or  add  to  the  number  the 
same  quantity.  (3)  Multiply  the  result  in  (1)  by  the  result 
in  (2),  and  add  the  square  of  the  quantity  subtracted  or  added 
in  (1)  and  (2). 

84»=80X88+16=7056  48»«  50X46 +4=.  2304 

(8J)»«8X9+(})»=72i  (8i)»=8X81+(})'=68A 

The  above  rule  is  particularly  easy  of  application  in  squaring 
multiples  of  5. 

(25)»=20X30+25-625  (45)»= 40X50 +25  =  2025 
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{k)  Square  root  op  small  numbers.  The  foUowing  ap- 
proximate method  usually  gives  results  which  are  accurate 
enough  for  most  piu*poses:  Divide  the  given  number  by  that 
number  whose  square  is  nearest  the  given  ntunber  and  find  the 
arithmetical  mean  of  the  quotient  and  the  divisor.  Expressed 
algebraically  let  iV»the  given  number,  ^S^the  nearest  square, 
and  r'^Vs. 

V84-  (^+9)  -I- 2  =  (9.33+ 9) -h  2 -9. 17  (9.1652  correct) 

Vi7=  (y+'^)  ■«•2«(6.71+7)-^2=6.86  (6.8557  correct) 

(f)  Squarb  root  of  large  numbers  may  be  foimd  in  the 
same  way  provided  a  table  of  squares  is  also  used.  The  above 
formula  may  be  written  in  a  more  convenient  form  when  applied 
to  large  numbers. 

V^«r+[(iVr-iS)-4-(2Xr)] 
V^32200- 179+  [(32200-32041)+  (2  X 179)]- 

179.444  (179.44358  correct) 
\/l75440- 419+ [(175440- 175661)^  (2X419)]= 

418.856  (418.85558  correct) 

The  value  of  Sj  the  nearest  square,  is  taken  from  a  table  of 
squares.  Not  only  is  this  method  very  much  shorter  than  the 
ordinary  process  of  extracting  a  square  root,  but  results  are 
usually  correct  to  three  and  often  to  four  decimal  places.  De- 
leting the  divisor  (see  p.  366)  shortens  the  process  still  more. 

(m)  Checking  by  second  differences.  This  method  is 
useful  in  a  variety  of  problems  involving  equations  of  the  second 
degree.  It  is  especially  useful  in  checking  ordinates,  taken  at 
eqtud  intervals,  to  horizontal  or  vertical  curves.  In  this  case 
the  method  consists  simply  in  finding  the  "first  differences" 
between  successive  ordinates,  and  then  finding  the  "second 
differences"  between  the  "first  differences";  the  "second 
differences"  should  be  equal.  Due  r^ard  should  be  paid  to 
algebraic  signs. 

lUiuiraium.  Let  it  be  required  to  check  the  elevation  given  on  pmge  292 
for  a  vertical  curve.  The  work  below  shows  that  the  "  second  differences  *' 
Mv  agrua),  and  benoe  the  elevations  are  probably  correct. 
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Elevations 

First  Differences 

Second  Diff^enoes 

08.6000 

+  .4126 

98.1876 

+  .2375 

+  1750 

97.9600 

+  .0626 

+  1760 

97.8876 

+  1750 

98.00dd 

-.1126 
-.2875 

+  1760 

98.2876 

-.4625 

+  1750 

98.7500 

-.6375 

+  1760 

99.3875 

-.8125 

+  1760 

100.2000 

(n)  Additional  ARITHMETICAL  CHECKS.  Addition,  The  usual 
check  is  to  add  both  up  and  down  the  columns.  Another  check 
is  to  go  over  the  work  a  second  time,  adding  in  the  carried 
figures  after  the  others,  instead  of  before,  or  vice  versa. 

Subtraction.  Add  the  subtrahend  and  the  remainder,  but 
cover  up  the  minuend  wiiile  doing  so. 

Multiplication.    In  place  of  the  check  afforded  by  casting  out 

9's  a  similar  check,  more  laborious  but  more  reliable,  is  that  by 

excess  of  ll's.    Thus  in  the  examples  on  p.  367: 

2875  +  11=       261  +  remainder  of  4 
273-*-ll=-         24+         *•  *'  9 


784875+11=   71352+         "  "3 

9X4=36  and  36  +  11=3+         **  **  3  (ciieek) 

2468  +11=       224  +  remainder  of  4 
3183  +  11=       289+         ••  ••  4 


7855644  +  11=714149+         '•  *•  5 

4X4-16  and  16+11  =  1+         *•  **  5  (clieck) 

When  a  product  is  not  carried  to  the  full  number  of  places,  as 
in  abridged  multiplication,  neither  the  check  by  excess  of  9*8  nor 
that  by  excess  of  1 1's  can  be  used.  In  such  a  case  a  good  check 
is  to  reverse  the  position  of  the  multiplier  and  multiplicand. 

Division.  Instead  of  casting  out  9's  a  check  by  excess  of  1 1  's 
may  be  used.  When  the  work  has  not  been  carried  to  the  full 
nimiber  of  places,  as  in  abridged  division,  about  the  only  check 
is  to  multiply  divisor  and  quotient  together  and  add  in  the 
remainder. 

425.  Eliminating  Wortliless  Refinements  consists  ehiefiy 
in  avoiding  the  use  of  unnecessary  figures.  Data  may  be 
given  to  more  places  of  figures  than  there  is  any  need  of,  or 
time  may  be  wasted  in  trying  to  attain  a  higher  degree  of  pre- 
cision than  the  data  will  warrant.    The*  aim  in  this  ^xVivcXa  \s»\.<i 
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show  that  in  all  calculations  it  is  desirable  to  make  a  critical 
inspection  of  the  numbers  which  enter  into  every  computation 
for  the  purpose  of  rejecting  figures  which  cannot  affect  the 
accuracy  of  the  final  results.  Not  only  is  it  a  waste  of  time  to 
use  an  unnecessary  number  of  figures  in  computations,  but  the 
lesults  thus  obtained  are  misleading,  for  they  appear  to  be  more 
accurate  than  they  really  are.  Worthless  figures  may  be 
avoided  by  an  intelligent  use  of  the  following  facts:  (1)  Num- 
bers expressing  measurements  cannot  be  exact,  for  the  true 
value  of  a  single  measurement  is  never  known.  (2)  A  result 
cannot  be  more  accurate  than  the  data  from  which  it  is  ob- 
tained, no  matter  how  many  places  of  figures  are  used  in  each 
step  of  the  calculation.  (3)  In  dealing  with  inexact  numbers 
consistent  accuracy  should  be  the  aim  instead  of  absoliUe  accu- 
racy, and  consistent  accuracy  is  not  gained  by  carrying  all 
numbers  to  the  same  number  of  decimal  places  regardless  of 
how  many  figures  each  number  contains. 

(a)  lUuBtrcUion.    The  length  of  one  line  measured  to  the  nearest  fo<4  U 

3216  ft.;    a  second  line  measured  to  the  nearest  tenth  is  321.6  ft.;   a  third 

line  measured  to  the  nearest  hundredth  is  32.16  ft.;   a  fourth  line  measured 

to  the  nearest  thousandth  is  3.216  ft.     The  last  figure  in  each  number  is 

uncertain,  while  the  first  three  are  certain,  and  the  relative  precision  of  each 

5  1 

measurement  is      -  ^  ^  aaqo*     "^^^   position   of   the   decimal   point   has 

nothing  to  do  with  the  relative  precision  of  a  measurement,  and  the  mistaken 
idea  that  the  number  of  decimal  places  to  which  a  result  is  carried  indi- 
cates the  accuracy  of  that  result  is  responsible  for  a  great  deal  of  stupid 
and  unnecessary  labor. 

(6)  The  accuracy  to  be  attained  in  any  computation  is  deter- 
mined by  the  number  of  certain  figures  in  the  data.  In  order 
to  determine  the  number  of  certain  figures  in  any  measurement 
some  approximate^  expression  of  its  accuracy  must  be  obtained. 
For  example,  5600  ft.  may  contain  one,  two,  or  three  certain 
figures  according  to  whether  the  measurement  was  made  to  the 
nearest  100  ft.,  to  the  nearest  10  ft.,  or  to  the  nearest  foot. 

(c)  Note.  In  office  computations  it  frequently  happens  that  one  man 
works  from  field  notes  taken  by  others.  In  this  case,  unless  it  is  evident 
that  a  measurement  has  been  given  to  too  many  places,  it  may  be  assumed, 
as  a  rule,  that  each  number  contains  but  one  doubtful  figure.  In  the  case 
of  a  decimal  fraction  the  zeros  used  merely  to  indicate  the  position  of  the 
decimal  point  are  not  counted  as  certain  figures.  Thus,  for  example, 
0.00043  contains  only  one  certain  figure;  0.000430  may  contain  two,  smce 
the  cipher  at  the  end  indicates  that  the  measurement  was  carried  to  one 
more  place.  A  final  zero  used  for  this  purpose  should  never  be  omitted, 
for  it  may  be  the  only  doubtful  figure. 

(d)  Remark.  The  number  of  significant  figures  in  any  number  repre- 
seating  a  measurement  is  always  one  greater  than  the  number  of  certain 

Sgurea;    the  IclsI  signi&cant  figure  is  the  first  uncertain  figure.     It  mmi 
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not  be  aasomed  that  because  a  figure  is  uncertain  it  has  no  significance. 
Its  uncertainty  may  be  very  small,  hence  it  has  significance,  but  there  can 
be  no  advantage  gained  in  writing  a  number  beyond  the  aeeond  doubtful 
figure. 

(/)  The  effect  of  uncertain  figures  in  the  data  upon  the  results 
of  computations  may  be  illustrated  as  follows:  Four  measure- 
ments are:  6843.2  ft.,  253  ft.,  282.42  ft.,  and  1200  ft.  Each 
may  be  assumed  to  contain  only  one  uncertain  figiu^  except 
the  distance  1200  ft.,  which  was  measiu^d  to  the  nearest  hun- 
dred feet  and  therefore  contains  three  imcertain  figures.  It  is 
required  to  add  the  four  numbers,  and  also  to  find  the  product 
of  the  first  two.  Let  the  imcertain  figures  be  indicated  through- 
out the  work  by  smaller  type. 


6843.2 
258. 

6843.2 
258 

684  . 
25 

6843.2 
352 

282.42 
1200 

8578.62 

205296 
342160 
136864 

1781320.6 

28 
120 

8570 

1360 

342 

20 

1731000 

Since  the  uncertain  figures  in  the  data  render  so  many  figures 
worthless  in  the  stun  and  product,  the  results  8570  and  1  731  000, 
obtained  by  abridged  methods,  are  better  than  8578.62  and 
1  731  329.6,  since  the  latter  appear  to  be  much  more  accurate 
than  they  really  are.  It  is  seldom  necessary  to  give  a  final  re- 
sult beyond  the  first  doubtful  figure  except  when  it  is  desired 
to  show  that  the  uncertainty  of  that  figiu^  is  small.  Thus, 
ordinarily,  the  preceding  results  may  be  written  8600  ft.  and 
1  730  000  sq.  ft. 

Not  only  is  it  misleading  to  retain  more  than  two  uncertain 
figures  in  any  result,  but  it  is  a  reflection  upon  the  intelligence 
of  the  computer. 

The  preceding  examples  illustrate  two  general  propositions: 

I.  In  addition  or  subtraction  the  result  cannot  be  accurate  be- 
yond  the  first  doubtful  place  in  any  of  the  numbers  added  or  sub» 
traded, 

II.  In  multiplication  or  division  the  relative  accuracy  of  the 
product  or  quotient  cannot  exceed  that  of  the  factor  whose  relative 
accuracy  is  least, 

(/)  NaU.  The  first  of  these  propositions  is  self-evident  and  the  second 
is  easily  proved.     Let  a  and  6  be  the  errors  of  two  numbers  A  and  B.  Then  — 

A 

m  the  relative  accuracy  of  A  and  ^  of  B.     (A  +  a)  X  (B  +  6) «  AB+Ba-V 
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Ah+ah.  Dropping  thte  very  smaXl  quantity  ab  the  error  of  tbu  prodnctii 
Ba  +  Ab  and  the  relative   accuracy  of  the  product  is  — -r^r — ""Z"*")!* 

Hence  the  relative  accuracy  of  a  product  is  practically  equal  to  the  sura  ol 
the  relative  (or  fractional)  accuracies  of  the  factors,  ana  henoe  leM  than 
either. 

It  is  unwise  to  adopt  hard  and  fast  rules  in  shortening  com- 
putations, but  by  following  intelligently  the  suggestions  given 
below  a  great  deal  of  time  may  be  saved  without  sacrificing 
accuracy  in  the  results. 

(g)  Suggestions  for  shortening  computations.  MuUi'plir 
cation,  (1)  Before  beginning  a  multiplication  ascertain  by 
inspection  which  of  the  factors  contains  the  smallest  number  of 
certain  figures.  Call  this  the  limiting  factor.  (2)  Use  the 
abridged  method.  Reverse  the  limiting  factor  for  a  multiplier, 
coimt  off  from  left  to  right  one  more  place  in  the  multiplicand 
than  there  are  certain  places  in  the  multiplier,  and  begin  under 
this  place  to  write  the  multiplier  backward  from  right  to  left. 
The  number  of  certain  figures  in  the  product  can  never  exceed  the 
number  of  certain  figures  in  the  limiting  number  by  more  than  one; 
frequently  the  number  of  certain  figures  in  both'wiU  be  the  same. 

Remark.  This  method  gives  the  result  exactly  to  one  uncertain  place, 
and  the  error  in  the  second  uncertain  place,  if  there  is  any,  will  rarely 
exceed  one  unit.  See  Art.  424  (e),  p.  365.  By  observing  what  figures  are 
a^ected  by  the  uncertain  figure  in  the  multiplier  the  numbtt*  of  unomlain 
Qgures  in  the  product  will  become  evident.  (See  abridged  multiplioatioii, 
p.  371.) 

Addition  and  subtraction,  (1)  The  limiting  number  will  be 
the  one  whose  first  imcertain  figure  is  farthest  to  the  left,  (2)  In 
writing  down  the  quantities  omit  all  figures  in  each  nimiber 
beyond  the  second  doubtful  place  of  the  limiting  number. 
(See  abridged  addition,  p.  371.) 

Division,  Use  the  abridged  method  on  p.  366,  and  deter- 
mine by  inspection  the  figures  rendered  uncertain  in  the  divisor. 

General  suggestions,  (1)  Retain  throughout  the  different 
steps  of  a  calculation  enough  places  of  figures  to  correspond  to 
two  uncertain  figures  in  the  result  in  order  that  the  first  uncer- 
tain figure  may  be  free  from  accumulated  rejection  errora. 
(2)  In  dropping  figures,  add  1  to  the  last  figure  retained  when 
the  first  left-hand  rejected  figure  is  greater  than  5;  when  it  is 
less  than  5  leave  the  last  figure  unchanged.  If  the  rejected 
figure  is  5,  add  1  to  the  last  figure  retained  if  this  will  make 
it  even,  otherwise  leave  it  unchanged. 
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(h)  Application  of  rules.  We  usually  know  before  begin- 
ning a  calculation  what  degree  of  precision  is  required  in  a 
result,  or  else  we  desire  to  compute  a  result  as  accurately  as  the 
data  will  permit.  In  either  case  we  may  be  guided  by  the 
rules  just  given.  In  the  following  illustrations  of  the  applica- 
tions of  the  rules  it  is  understood,  unless  otherwise  stated, 
that  the  last  digit  in  a  number  is  the  only  uncertain  figure. 

Illustration  J.  The  lengths  of  two  sides  of  a  rectangular  lot  are  given 
as  626.8  ft.  and  73.2  ft.  What  is  its  area?  There  cannot  be  more  than 
two  certain  figures  in  the  result,  since  there  are  only  two  in  73.2.  Hence 
reverse  732,  and  writing  the  7  under  the  third  figure  in  626.8  obtain  the 
result  by  abridged  multiplication  =  45  880:  since  the  last  three  figures  are 
uncertain  this  result  may  be  written  45  9iD0  sq.  ft.  By  direct  multiplica* 
tion  626.8X73.2  =  45  881.76,  the  la^t  five  figures  of  which  are  uncertain, 
hence  the  result  is  no  more  accurate  than  before. 

lUustration  II.  The  lengths  in  the  above  illustration  are  given  as 
626.834  ft.  and  73.253  ft.  The  data  will  bear  inspection.  Was  allowance 
made  in  chaining  for  temperature  and  other  sources^  of  error?  (p.  43).  If 
not,  there  cannot  be  more  than  three  certain  figures  in  either  measurement. 
A3suming  this  to  be  true,  626.8X73.25  =  45  012  (hy  abridged  multiplica- 
tion), or  45910  sq.  ft.  Taking  the  measurements  as  given,  by  direct 
multiplication  626.834X73.253  =  45  917.471002;  only  four  figures  of  this 
result  can  be  certain,  hence  it  may  be  written  45  917  sq.  ft.,  with  the  last 
figure  uncertain.  This  is  a  good  illustration  of  the  folly  of  carrying  com- 
putations to  an  excessive  number  of  places. 

Illustration  III.  The  radius  of  a  circle  is  given  as  21.84,  what  is  the 
circumference?  There  can  be  only  three  certain  figures  in  the  answer, 
hence  use  2;r  to  four  places.  By  abridged  multiplication  6.283X21.84  = 
137.22  ft.,  with  the  last  two  figures  uncertain.  Using  n  to  one  more  place, 
2X3.1416X21.84  =  137.225088  (by  direct  multiplication),  a  result  with 
only  three  certain  figures  and  no  more  accurate  than  before. 

niustration  IV.  The  base  of  a  right-angled  triangle  is  given  in  the  field 
notes  as  428.63  ft.  and  the  adjacent  angle  is  44°  24',  measured  to  the 
nearest  minute.  What  is  the  length  of  the  perpendicular  side?  The 
natural  tangent  for  44°  24'  is  0.97927  and  for  44*  25'  it  is  0.97984.  Since 
the  maximum  error  in  the  angle  may  be  as  large  as  30*  the  natural  tangent 
may  vary  nearly  3  in  the  fourth  place,  and  there  can  be  only  three  certain 
figures.  Hence  drop  the  last  figure  in  428.63  and  by  abridged  multiplica- 
tion 428.6X0.9793  =  419.72,  or  since  there  are  but  three  certain  figures 
the  result  is  419.7.  If  the  length  is  taken  as  it  stands  and  a  five-place  tan- 
gent is  used,  the  result  by  direct  multiplication  is  428.63  X  0.97027  <-> 
419.7445001  ft.,  only  three  figures  of  which  are  certain,  hence  the  result  is 
419.7,  the  same  as  before. 

Illustration  V.  Suppose  in  the  above  illustration  that  the  angle  was 
measured  to  the  nearest  10".  The  variation  in  the  tangent  would  be  only 
i  X  .00057  or  .00000,  hence  the  first  four  figures  are  certain  and  five  places 
may  be  retained  in  the  length  and  in  the  tangent  or,  by  abridged  multipli- 
cation, 428.63  X  07927  =  410.744,  four  figures  of  which  are  certain,  hence 
the  result  is  419.74. 

Illvrtrntion  VI.  Suppose  in  the  above  illustration  that  the  base,  meas- 
ured to  the  nearest  foot,  is  428  ft.  There  can  be  only  two  certain  figures 
in  the  result,  hence  use  only  three  figiu-es  in  the  tangent.  By  abridged 
multiplication  428  X  070  =  410.0  ft. 

(i)  Trigonometric  tables.  The  following  general  rules  may 
be  given  for  simple  computations  such  as  ordinarily  arise  in 
office  work.  They  hold  good  for  logarithmic  t^bke  ft9  well  as 
for  tables  of  natural  functions. 
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For  two  certain  figures  in  the  result  use  three-place  tablesi 
for  three  certain  figures  use  four-place  tables,  for  four  certain 
figures  use  five-place  tables.  In  computations  involving  several 
steps  it  may  be  necessary  to  use  tables  to  one  more  place  in 
each  case. 

If  angles  are  given  to  the  nearest  minute  use  four-place  tables; 
if  angles  are  known  to  be  in  error  less  than  W  use  five-place 
tables. 

(7)  Remark.  Six-place  tables  are  seldom  needed  in  office  computatioiiB 
except  for  measurements  of  the  highest  precision,  such  as  those  whidhi 
are  made  in  accurate  triangulation.  In  direct  logarithmic  multiplicatioa 
and  division  with  4-,  5-,  and  6-place  tables  the  work  is  aboiit  as  2:3:4. 
i.e..  the  work  is  doubled  by  using  six-place  tables  instead  of  four. 

426.  Logarithmic  Computations.  The  following  sugges- 
tions are  intended  to  supplement  the  directions  commonly  given 
for  the  use  of  logarithmic  tables. 

(1)  A  large  proportion  of  the  time  required  for  the  use  of 
tables  is  spent  in  merely  tmning  leaves,  a  fact  not  always  ap- 
preciated. Make  it  a  rule,  therefore,  when  the  tables  are  open 
at  a  given  page  to  look  up  all  that  is  to  be  taken  from  that 
page  before  turning  to  another.  In  order  to  do  this  it  will  be 
necessary,  at  the  beginning  of  a  calculation,  to  prepare  a  form 
or  schedule  in  which  a  place  is  left  for  each  logarithm,  and  for 
the  result  of  each  step  throughout  the  computation.  The  un- 
divided attention  can  then  be  given  to  looking  up  the  loga- 
rithms, thus  saving  time  and  diminishing  the  chances  of  error. 

Illustration.  On  page  393  the  bearing,  the  length,  and  the  letters  of 
each  given  line  were  entered  in  the  first  colunm,  and  this  column  was  entirely 
completed  before  the  logarithmic  tables  were  used  at  all.  (See  also  the 
form  for  triangulation  computations,  p.  399.) 

(2)  Mistakes  are  less  likely  to  occur  if  like  operations  are 
always  carried  out  in  the  same  way.  For  example,  in  trrfer- 
polation,  it  is  well  to  work  always  from  the  next  smaller  towards 
the  next  larger  minute,  regardless  of  whether  this  takes  one  up 
or  down  the  page.  Thus  if  the  sine  of  42°  20'  20"  is  desired, 
add  J  the  difference  in  the  table  to  the  sine  of  42°  20'  rather 
than  subtract  J  the  difference  from  the  sine  of  42?  21',  though 
the  latter  method  would  be  correct.  Likewise  if  the  cosine  of 
64°  10'  15"  is  decired,  subtract  }  the  difference  in  the  tables 
from  the  cosine  of  64°  10'  rather  than  add  f  the  difference  to 
the  cosine  of  64°  11'.  Of  course  one  must  always  be  careful  to 
observe  whether  the  tabular  values  of  functions  are  increasing 
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or  decreasing,  as  one  glances  from  the  next  lower  to  the  next 
higher  minute,  for  this  will  determine  whether  the  profX)rtional 
difference  is  to  be  added  or  subtracted. 

Remark.  Form  the  habit  of  roughly  checking  a  quantity  obtained  by 
interpolation.  Thus,  for  example,  if  i  the  tabular  difference  has  been 
added  to  one  tabular  value,  see  if  the  result,  as  nearly  as  can  be  estimated, 
is  I  the  tabular  difference  from  the  next  tabular  value.  A  quick  inspec- 
tion of  this  sort  is  likely  to  reveal  any  serious  blunder  that  has  been  made 
in  interpolating. 

Some  tables  g{/e  proportional  parts,  but  if  they  are  not  given,  aim  to 
perform  interiKuation  mentally  witnout  setting  down  figures. 

(3)  When  an  angle  is  more  than  90**  there  is  danger  not  only 
of  ignoring  the  algebraic  sign  of  a  function,  but  of  using  the 
wrong  heading  or  the  wrong  column  of  minutes.  In  some 
tables  the  degrees  are  indicated  from  0°  to  180**  by  giving  four 
different  values  on  each  page,  one  in  each  jcorner.  In  that  case 
follow  the  simple  rule  to  use  the  line  of  headings  and  the  column 
of  minutes  which  are  nearest  to  the  degree  number  v^ed. 


207° 


60' 


^^ 


TOP  OF  PAOB 


Log.  Sin. 

d. 
d 

Log.  Tan. 

c.  d. 
c.  d. 

Log.  Cot. 

Log.  Cos. 

d. 

~dr 

^ 

Log.  Cos. 

Log.  Cot. 

Log.  Tan. 

Log.  Sin. 

60* 


0' 


117** 

297° 


^ 


BOTTOM    OF    PAGE 


^ 


62° 

242* 


It  will  pay  to  go  through  a  new  set  of  tables  and  to  draw 
indexes  or  arrows  on  each  page,  as  shown  above.  1'his  simple 
device  wilt  often  save  mistakes  by  reminding  one  of  the  proper 
minute  column  and  line  of  headings  to  use.  If  many  calcula- 
tions are  to  be  made  with  angles  greater  than  180°,  additional 
niunbers  may  be  marked  on  each  page  of  the  tables^  e.g.,  the 
numbers  207°,  332**,  242°,  and  297°,  shown  above. 

(4)  Another  useful  device  is  to  letter  a  narrow  strip  of  card- 
board with  headings  at  the  top  and  bottom,  as  shown  above, 
to  fit  the  tables  used,  and  to  slide  this  strip  up  or  down  in 
taking  quantities  from  the  tables. 

(5)  When,  as  is  often  the  case  in  trigonometric  computations, 
any  one  of  several  methods  may  be  used,  the  following  sug- 
gestions will  help  to  decide  which  to  choose. 
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(p)  An  angU  it  heti  determined  from  a  function  wkidk  ditmgm 
rapidly,  Le.,  vxOh  large  tabular  differences. 

Qf)  A  quantity  to  he  found  from  a  given  angle  is  beet  determmei 
by  means  of  a  function  which  changes  shwly, 

(c)  Tangents  and  cotangents  vary  more  rapidly  than  ainea  and 
cosines,  hence  use  the  former  to  determine  angles  and  the  latter  to 
determine  lengths. 

Remark.  The  more  poorily  proportioned  a  triangle  the  mote  important 
these  rules  become. 

IWiMration.  Let  the  three  sides  of  a  right-angled  triangle  be  20.00  ft, 
140.00  ft.,  and  141.42  ft.  respectively.  Required  the  angles  A  and  B. 
Each  can  be  found  in  four  ways: 

tanA=cot5=^      -0.14286=-  «•    7^     =  8"    rJS2+ 

tan  B-eot  il«=^      -7.00000=81»  52-7^  =81«  52^.19+ 
JM  14ao 

Afl  no/ 

sin/l*-ooeB=rrv7o=0.14142=  «»    7^     ^  g"7'.79+ 
sin  B-coe  A«7f^=0.98996=81'»  52^       =81«  62^.5 

141.42  4 

The  denominator  in  each  fraction  of  a  minute  \s  the  tabular  difference 
for  the  corresponding  function.  This  is  largest  for  tan  B  or  ret  A^  i.e.,  the 
function  is  chaniring  about  0.01456  per  minute  of  arc.  and  benoe  this  is 
the  most  accurate  determination  of  A  or  B.  The  least  accurate  result 
and  one  of  comparativel>r  little  value,  is  that  obtained  from  sin  B  or  cotfii, 
the  tabular  difference  being  only  4  for  one  minute  of  arc.  Of  oourse  so 
poorly  proportioned  a  triangle  should  be  avoided  in  practice  when  grsst 
accuracy  is  desired. 

(6)  The  student  ynil  find  it  a  great  help  to  memorize  a  few 
logarithms,  especially  those  of  the  whole  numbers  up  to  ten, 
and  of  those  constants  most  frequently  used.  Thus,  for  exam- 
ple, he  can  learn,  in  a  few  minutes,  the  logarithms  of  2,  3,  4,  5, 
6,  7,  8,  and  9,  then  he  will  know  the  logarithms  of  their  squares, 
and  of  simple  multiples,  and  hence  the  logarithms  of  at  least  a 
third  of  the  numbers  from  1  to  100  will  be  at  his  command. 

(7)  Finally ,  the  student  is  lu-ged  to  use  logarithms  in  prefer^ 
ence  to  arithmetical  calculations  whenever  the  work  involves 
many  figures.  He  must  overcome  the  antipathy  to  the  use  of 
logarithms  which  seems  prevalent  among  students,  and  recog- 
nize that  in  long  multiplications,  in  long  divisions,  in  squaring 
or  cubing  numbers,  and  in  extracting  square  or  cube  roots  a 
table  of  logarithms  is  a  great  labor-saving  device. 

427*  Useful  Tables.  Among  the  tables  most  useful  in  office 
computations  in  addition  to  the  tables  of  natural 'functions  and 
the  logarithmic  tables  are  the  following:  Stadia  reduction 
tables,  tables  of  latitudes  and  departures  (see  p.  388),  multi- 
plication tables,  such  as  those  of  Crelle,  which  give  the  prod- 
uct8  of  three  figures  by  three  figures  to  999X999,  tables  of 
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squares  and  cubes,  decimals  of  a  foot  for  each  A  of  an  inch| 
earthwork  tables,  table  of  chords,  and  tables  giving  squares  of 
feet  and  inches  to  each  is  of  an  inch  up  to  100  feet. 

Many  simple  tables  may  be  prepared  for  special  use.  For 
instance,  any  arithmetical  calculations  which  occur  again  and 
again  may  be  performed  once  for  all  and  the  results  tabulated. 
Thus,  for  example,  such  constants  as  43  560  .(sq*  ft.  per  acre), 
27  (cu.  ft.  p)er  cu.  yd.),  and  ;:  =  3.1416  may  be  multiplied  by 
each  digit  from  2  to  9  once  for  all,  thus  saving  time  ana  avoid- 
ing errors  in  subsequent  multiplications  or  divisions  in  which 
these  quantities  are  involved. 

428.  Graphic  Methods  often  give  satisfactory  results  in  less 
time  than  they  could  be  obtained  by  computation.  For  exam- 
ple, horizontal  curves  may  be  pbtted  and  scaled  .(see  P.  208), 
gradients  and  vertical  curves  may  be  determined  in  the  same 
way  (p.  289),  areas  may  be  checked  by  scaling  distances  and 
by  means  of  ruled  squares  (p.  408),  contour  points  may  be 
interpolated  graphically  (p.  433  and  p.  498). 

Diagrams  may  be  constructed  to  be  used  in  place  of  tables, 
such,  for  example,  as  those  for  reducing  stadia  readings  (p.  482), 
for  determining  latitudes  and  departures  (p.  388),  and  for  esti- 
mating quantities  in  earthwork. 

Remark.  Excellent  devices  for  shortening  office  work  appear  in  the 
engineering  papers  from  time  to  time,  either  in  the  form  of  diagrams  or 
tables.  When  engaged  in  a  special  line  of  work,  be  on  the  alert  to  devise 
similar  diagrams  or  tables.  By  exercising  a  little  ingenuity  a  great  deal 
of  drudgery  may  be  saved. 

429.  Mechanical  Methods.  Among  the  most  common 
mechanical  devices  for  supplementing  ofRce  computations  are 
the  slide-rule,  the  planimeter  (p.  408),  the  pantograph  (p.  443), 
the  protractor,  and  the  computing  machine.  There  are  several 
forms  of  slide-rules  designed  for  special  purposes,  such,  for 
example,  as  the  stadia  slide-rule  for  reducing  stadia  readings. 
There  are  also  various  forms  of  planimeters,  pantographs,  and 
computing  machines. 
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CALCULATION  OF  BEARINGS 


If  the  bearins:  of  any  line  of  a  survey  is  known  and  the  aafj^  wUdi 
that  line  makes  with  a  second  line  ia  also  known,  the  beuing  of  tEe  aeoaod 
line  can  be  calculated.    The  method  of  calculation  is  given,  in  this  cfaaptar* 


430.  Algebraic  Signs   of   Bearings  and   Angles.      For 

convenience  in  computation  all  angles  measured  to 'the  right,  or 
clockwise,  are  plus;  to  the  left,  or  counter-clockwise,  minus.  This 
applies  not  only  to  angles  measured  in  the  field  hut  also  to  angles 
of  bearing.  Thus  N.E.  and  S.W.  bearings  are  phis  and  N.W. 
and  S.E.  bearings  are  minus. 

431.  The  Angular  Distance.  If  through  one  end  of  any 
line  a  north  and  south  line  is  established,  four  angles  aie  formed, 
two  of  which  are  measured  from  N.  (one  clockwise  and  one 
counter-clockwise)  and  the  other  two  from  S.  (one  clockwise 
and  one  counter-clockwise).  Each  of  these  angles  may  be 
called  the  angular  distance  of  the  given  line.    In  giving  the 

angular  distance  of  any  line>  it  is  neces- 
sary, therefore,  to  state  whether  it  is 
plus  or  minus  and  whether  it  is  meas- 
ured from  N.  or  from  S. 

JUustration.     The  bearing  of  a  line,  BA,  is 
S.  60**  W.     The  four  angular  distances  are: 

(1)  240°  plus  from  N. 

(2)  120°  minua  from  N. 

(3)  60°  plus  from  S. 

(4)  300°  minus  from  S. 
Note.     Notice  that  when  any  angolar  dis- 
tance is  90°  or  leas,  it  is  identical  with  beor- 
ing. 

432.  To    Convert    Angular    Distance    into    Bearing. 

(1)  Notice  whether  the  angular  distance  is  measured  from 
N.  or  from   S.  and  whether   clockwise   or   counter-clockwise. 

(2)  Imagine  the  angle  turned  of!  from  N.  or  from  S.  as  the 
case  may  be  and  from  the  number  of  quadrants  passed  over, 
determine  the  quadrant  of  bearing  (i.e.,  whether  it  is  N.E., 
S.E.,  S.W.,  or  N.W.),  and  then  the  angle  of  bearing. 
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Fig.  431. 
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(a)  lUutiration.  The  angular  distance  of  a  line  from  N.  is  160^  pttf. 
Since  this  is  more  than  90°  clockwise  from  N.,  but  less  than  180°,  the  line 
must  be  in  the  S.E.  quadrant.  20°  from  S.,  i.e.,  the  bearing  is  S.  20°  £. 

(6)  lUmtration.  The  angular  distance  of  a  line  from  S.  U  220°  minut. 
Since  this  is  more  than  180°  counter-clockwise  from  S.,  but  less  than  270°*, 
the  line  must  be  in  the  N.W.  quadrant,  40°  from  N.,  i.e.,  the  bearing  is 
N.  40°W. 

(c)  lUtutraiion.  The  angular  distance  of  a  line  from  N.  is  280°  pltis. 
Ttua  is  more  than  270°  (or  three  quadrants)  clockwise  irom  N.,  hence  the 
line  is  in  the  N.W.  quadrant,  i.e.,  bearing  is  N.  80°  W. 

Note.  It  is  important  that  the  student  should  be  able  to  convert  angular 
distance  into  bearing  or  vice  versa  without  puzzling  over  it,  and  without 
relying  upon  rules.  Form  a  clear  mentri  picture  of  the  four  quadrants 
of  bearing,  the  starting-point  N.  or  S.  as  the  case  may  be,  the  direction 
puis  or  mmus,  the  number  of  quadrants  passed  over,  and  the  final  location 
of  the  line.  The  mental  process  is  a  simple  one,  and  once  the  idea  is 
grasped,  it  ceases  to  be  a  matter  of  memory.  Practice  on  the  following 
illustration,  checking  the  columns  of  bearing^  until  sure  of  the  method. 


ANO.  DIST.  BEARING 

N.    60°  H-  N.  60°E. 

N.  170°+  S.  10°  E. 

N.    80°-  N.  80°W. 

N.  260°+  S.  80°  W. 

N.  300°-  N.  60°E. 


ANO.  DIST.  BEARING 

8.       20°+  S.    20°  W. 

S.  130°+  N.  50°  W. 

S.  280°-  S.  80°  W. 

N.  310°+  N.  50°W. 

S.  260°+  N.  80°E. 


(d)  To  convert  azimuth  into  hearing.  This  is  simply  a  special 
case  of  the  method  just  explained,  for  the  azimuth  of  a  line  is 
the  same  as  its  angular  distance  measured  plus  from  N. 

433.  Calculating  Bearings.  The  bearing  of  one  line  is 
known,  the  angle  which  that  line  makes  with  a  second  line  is 
also  known,  required  the  bearing  of  the  second  line. 

(1)  Set  down  the  given  BEARING  followed  by  the  correspond' 
ing  sign  (Art.  430). 

Note.  Every  line  has  two  bearings  (Art.  155,  p.  112).  Be  sure  to  use 
the  one  corresponding  to  that  end  of  the  line  at  which  the  given  angle 
was  measured, — change  the  given  letters  if  necessary.  See  illustration  at 
the  end  of  this  article. 

(2)  Set  down  the  given  ANGLE  followed  by  the  corresponding 
sign  (Art.  430). 

(3)  Add  (1)  and  (2)  ALGEBRAICALLY;  put  the  first  letter 
cf  the  given  bearing  in  front  of  the  resuU  and  the  proper  algebraic 
sign  after  it. 

Note.  The  result  in  (3)  is  an  angular  distance;  the  letter  in  ftt>nt  tells 
whether  it  is  measured  from  N.  or  from  S.,  and  the  sign  gives  the  direo 
tion, — clockwise  if  plus,  counter-clockwise  if  minus. 

(4)  Convert  the  angular  distance  in  (3)  into  bearing  (Art.  432). 

(a)  Ittiiatration.  The  bearing  of  a  line  BA  is  N.  60°  E.;  angle  ABC^ 
SOr  clockwise;  required  the  bearing  of  BC, 

j^BC=    *    80°      +  The  student  should  draw  a  figure 

T^.  X     tort    XT   rn^        .  showing  the  four  cdhipass-points  and 

Ang.  Dist  orSC  =  N.  140°       +  the  Unes  Afi  and  BC, 
Bearmg  of  BC   -8.     40°  E. 
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Of)  lUtuiration.    The  bearing  of  a  line  Bii  is  N.  60**  W.;   angl«  ABC* 
9Qr  dockwise;  required  the  bearing  of  BC. 


BA-N.  60*  W.- 
ABC-^      80^       + 

Ang.  Dist.  of  BC=N.  20*       + 
Bearing  of  BC^N.  20*  K 


Since  one  sign  is  plue  and  ihm  other 
minus,  the  algebraic  sunf  ii  really 
one  angle  subtracted  fronrilhA  other. 
Show  by  a  figure  that  this  is  ocHrreot. 


In  each  of  the  two  preceding  illustrations  the  given  angle  wfife  measarad 
clockwise.  The  method  holds  good  for  angles  measured  countclvdoekwiH^ 
or  to  the  left. 

(c)  lUtutraium.  The  bearing  of  a  line  BC«>S.  40*  E.;  angle  CBA'^W 
oouater«lockwi8e;  required  the  bearing  of  AB, 


BC^Q,    40»E.. 
CBA-'        80^      • 

Ang.  Dist.  of  BA  -  8.  120* 
Bearing  of  Bil-N.    60*  E. 


By  tiie  same  figure  used  in  conngt" 
tion  with  the  first  iUustnttioii  tl»i 
student  can  see  that  the  prooeM  httt 
indicated  is  correct. 


{d)  An  important  distinction.  The  bearing  taken  at  one  end 
of  a  line  should  never  be  used  in  connection  with  an  angle 
taken  at  the  other  end  without  first  changing  the  letters.  The 
importance  of  this  distinction  is  shown  in  the  following  illuB- 
tration.  The  bearing  AB  is  given  as  S.E.,  but  the  given  angle 
was  measured  at  B,  hence  the  bearing  of  BA  must  be  used,  imd 
this  is  N.W.,  not  S.E.    (See  note  at  the  top  of  p.  113.) 


INOORRECT 


ABC 


S.  60*  E.- 
105*      + 


Ang.Dist.ofBC  =  S.  45*      + 
Bearing  of  BC     -S.  45*  W.  Incorrect 


CORRBCT 


Bil=N.  60*  W.- 
ABC=     105*       + 


Ang.Dist.ofBC-N.  46*       + 
Bearing  of  BC-N.  45*  E.  Comet 


It  is  seen  that  if  the  incorrect  bearing  S.E.  is  used  to  start 
with,  the  result  makes  the  point  C  appear  to  be  S.W.  of  B  when 

it  really  is  N.E.  of  B, 

(e)  Check.  By  arranging  the  last  two  letters  of  any  ane^  directly  under 
the  two  letters  of  the  preceding  line,  as  shown  above,  the  following  check 
may  be  used:  When  the  middle  letter  of  an  angle  is  not  the  same  as  w  /etter 
directly  aboi^  it  the  hearing  of  thepreceaing  line  must  be  changed,  olherwtt€  it 
may  be  left  ae  it  i».  (Why?)  Thus,  in  the  first  column,  B,  the  middle 
letter  of  ABC,  is  under  A,  hence  AB  (S.E.)  is  changed  to  BA  (N.W.)  in 
the  second  column.      rSee  also  the  note,  Art.  434  (a),  p.  382.) 

(/)  Remark.     The  above  method  holds  good  no  matter  in  which  quad- 
rant of  bearing  the  given  hue  may  lie,  or  whether  the  given  angle  is  meas- 
ured to  the  left  or  to  the  right.     The  method  is  a  very  simple  one.  and  tiie 
somewhat  extended  explanation  on  the  preceding  pages  is  justified  cmly 
by  the  fact  that  for  some  reason  many  students  find  difficulty  in  nXtiik' 
lating  bearino^.  especially  in  the  field.     At  first,  in  order  to  be  sufe  of  the 
correctness  of  the  method  in  any  given  case,  it  may  be  necessary  to  make 
a  sketch,  drawin?  the  given  line  in  its  proper  quadrant  of  bearing,  and/ 
then  roughly  plotting  the  given  angle.     It  is  far  better,  however,  to  do 
all  this  mentallv.     Until  the  student  can  eee  in  a  mental  picture  the  reason 
for  each  step  of  the  method  as  he  takes  it,  he  cannot  consider  himself  pro- 
ficient  in   calculating  bearings.     To  this  end.   practice  on   the  examples 
given  below,  checking  the  bearings  in  the  last  column.     The  calculation 
is  purposely  omitted   in  some  cases.     Notice  in  each  case  whether  the 
^'ven  bearing  is  forward  bearing  or  hack  bearing. 
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Given 
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■1 
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+30-  a 
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434.  Application  of  the  Method  to  a  System  of  Transit 
Lines.  When  in  any  survey  the  bearing  of  each  transit  line 
is  calculated  from  the  bearing  of  the  preceding  transit  line, 
the  back  bearing  of  the  preceding  line  must  be  used,  for  reasons 
given  in  the  preceding  article. 

Tiiis  is  illustrated  by  Fig.  434  and  the  corresponding  compu- 
tations given  below.  Thus  if  the  bearing  of  AB  is  S.  30°  E. 
this  is  changed  to  N.  30°  W. 
in  order  to  find  the  bearing 
of  BC  (N.  60°  E.).  This 
bearing  of  BC  must  then  be 
changed  to  S.  60°  W.  in  order 
to  find  the  bearing  of  CD, 
and  BO  on.  In  the  compu- 
tation these  changes  are  in- 
dicated by  letters  in  paren- 
^esis,  and  the  Utter  placed  be- 
fore the  angular  distance  will 
he  the  first  letter  in  the  pre- 
ceding parenthesis.  In  this 
way  the  computations  can  be  kept  in  a  continuous  form  as  shown 
bem,  and  as  still  better  illustrated  on  p.  391. 


Fia.  131. 
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It  is  seen  from  these  two  sets  of  computations  that  it  is'im^ 
material  in  which  direction  angles  are  taken  provided  propei 
account  is  kept  of  algebraic  signs. 

ANGLB  TO  RIGHT  ANGLE  TO  LEFT 

AB^S.    30**  E.  - (N.W.)  AB=^S.    30*»E. - 

AjBC«        90^      +.  BAD^'      100**       - 

BC = N.    60**  E.  +  (S.W.)  AD  -  S.  130**       - 

BCD=^        75°       +  AD=N.    50*»  E.  +  (S.W.) 

C2>  =  S.   135^       +  ADC=        95**       - 


CZ)=N.    45**W.-(SJ;.)  DC =8.    45°E. -(N.W.)  , 

CD  A  =        95**      +  DCB=        75°       - 

DA  =  S,     50°W.+  (Nj;.)  CB=N.  120°       - 

Z)AJg=      100°      +  CB=S,    60°W.  +  (N.E.) 

A5=N.  150°      +  C^A=        W      - 

A  B = S.     30°  E.  (check)  BA  =  N    30°  W .  -  (check) 

(a)  iVoCtf.  Apply,  by  inspection,  the  check  of  Art.  433  (e),  p.  380.  In 
the  second  column  A  in  the  angle  BAD  is  like  the  letter  directly  Above  it, 
and  hence  the  bearing  of  AB  is  left  unchanged,  i.e.,  S.E.  On  the  other 
hand  the  middle  letter  of  every  other  angle  is  unlike  the  letter  above  it, 
and  hence  the  bearing  preceding  each  of  the  other  angles  is  changed  as 
indicated  by  the  letters  in  the  parentheses. 

(6)  CalciUatinj  bearings  from  deflection  angles.    Precisely  the 
same  method  holds  good;  except  that  the  forward  bearing  of  the 
preceding  line  is  used  each  time  instead  of  the  back  bearing.' 
(See  Art.  189  (a),  p.  127,  for  an  illustration.)     Prove  that  this 
method  is  correct. 

(c)  To  change  the  bearings  of  all  lines  of  a  traverse  by  the  same 
amount.  This  is  also  a  special  case.  Give  the  proper  sign  to 
the  angle  by  which  each  bearing  is  to  be  changed,  according  to 
whether  the  lines  are  to  be  swimg  clockwise  or  counter-clock- 
wise.    Add  this  angle  algebraically  to  each  bearing. 

Example.  (1)  In  Fig.  434  change  the  bearing  of  AB  to  S.  50**  E.  and 
find  the  corresponding  bearings  of  the  other  three  lines,  changing  each  bv 
the  same  amount.  (2)  Change  BC  to  N.  30°  E.  and  find  the  correspono- 
ing  bearings  of  the  other  three  lines. 

435.  To  Calculate  the  Angle  between  Two  Lines  when 
their  Bearings  are  Known.     This  is   simply  the  reverse  of 

the  process  already  given. 

Method,  (1)  Make  sure  that  the  two  bearings  are  both  from 
the  same  station,  i.e.,  if  necessary  reverse  the  letters. 

(2)  Choose  either  line  as  a  backsight  and  convert  the  bearing 
ot  the  other  line  into  angular  distance,  measured  from  the 
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same  point  (N.  or  S.)  from  which  the  bearing  of  the  backsight 
is  measured. 

(3)  Give  to  the  bearing  of  the  backsight  and  to  the  angular 
distance  of  the  other  line  each  its  proper  algebraic  sign,  and 
subtract  algebraically  the  former  from  the  latter,  i.e.,  the 
bearing  from  the  angular  distance. 

(4)  The  result  is  the  required  angle  measured  clockwise  or 
counter-clockwise  from  the  assumed  backsight  according  to 
whether  the  sign  is  plus  or  minus. 

If  the  student  thoroughly  understands  the  method  given  on 
the  preceding  pages  he  will  have  no  difficulty  in  proving  the 
correctness  of  the  method  given  above. 

JUuUraHon,  Calculations  of  the  angles  in  Fig.  434  from  the  given  bear- 
ings. Given:  AD=-N.  50°  E.  and  AB  =  Q.  30°  E.  to  find  DAB.  This  can 
be  done  four  different  ways, — two  assuming  AD  as  a  backsight,  and  two 
assuming  AB  as  a  backsight. 

AD  assumed  as  a  backsight. 
4B  =  N.  150°       +  or     AB  =  NT2l(y*      - 
AZ)-N.    50°E.+  or     AZ)  =  N.    50°  E.+ 

JDAB=      100°       +orDilB=      260°      - 

AB  assumed  as  a  backsight. 
ilD  =  S.  130°       -or     i4Z)  =  S.  230°       + 
AB  =  S.    30°E.~  or     AB  =^S.    30°^.  - 

BilD=      100°       -orBAZ>=»      260°      + 

In  the  above  illustration  the  algebraic  sign  of  each  resuH  indicates  in 
which  direction,  clockwise  or  counter-clockwise,  the  angle  is  measured 
from  the.  assumed  backsight.  Find  the  angles  at  B,  C,  and  I>  in  a  similar 
xnann^'. 


CHAPTER  XXXI 

LATITUDES  AND  DEPARTURES 

Tbe  theory  of  latitudes  and  departures  ei^lained  m  this  ehmpi&r  is  m 
simple  as  it  is  important.  Latitudes  and  departures  are  used  in  ptottiac 
maps  (see  Chapter  XLI) ;  also  in  calculating  omitted  measuremeota  (Chao- 
ter  XXXII)  and  areas  (Chapter  XXXIU). 


436.  Latitude  and  Departure  are  terms  for  two  co-ordi- 
nate distances,  one  {the  latitude)  measured  parallel  to  a  north 

and  sovih  line,  the  other  (fhe  d^ 
pariure)  measured*  parallel  to  an 

east  and  west  line. 

lUuHratwn.  In  Fig.  436  a  Ime  AB  ■ 
in  the  N.E.  quadrant.  AC-^DB  is  its 
latitude  and  AD  —  CB  is  its  depaiimt. 
The  angle  CAB  ia  the  bearing  of  tiie  line. 

Latitude  difference  and  longitude  difftr^ 


Departure 


enee.     Terms  preferred  by  Boaie  wiiten 

eidl 


to  the  old  and  estaUished  t«rms  lalitode 
Fio.  43o.  and  departure. 

437.  Latitude  and  Departure  is  Found  from  the  Bear- 
ing.    It  is  evident  from  Fig.  436  that 

Length  of  the  LineX Cosine  Bearing  =  Latitude  of  (he  Line, 
Length  of  the  Line  X  Sine  Bearing  =  Departure  of  the  Line. 

Illustration.  \  line  AB  in  Fie.  436  is  500  feet  long.  Its  beanng  is 
N.  60°  E.  The  natural  cosine  of  60° =0.500;  the  natural  sine  of  6(r- 
0.866. 

Length  X  Cos.  Bear.  ==  Latitude.        Length  X  Sin .  Bear. »  Dqpariiiie. 
500  ft.  X      0.500     =250  ft.  500  ft.  X   0.866       « 433  ft. 

Note.     For  other  trigonometric  relations,  see  p.  400. 

438.  Algebraic  Signs  of  Latitudes  and   Departures  are 

determined  by  the  quadrants  of  bearing.  Latitudes  are  phu 
when  the  bearing  is  north,  minus  when  the  bearing  is  south. 
Departures  are  plus  when  the  bearing  is  east,  minus  wlien  tbe 
bearing  is  west.  Thus  the  first  letter  of  a  bearing  (N.  or  S.) 
determines  the  sign  of  the  latitude,  and  the  second  letter  of  tbe 
bearing  (E.  or  W.)  determines  the  sign  of  the  departure. 
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lUtutration.  In  Fig.  438  a  line  has  been  ansumed  in  each  of  the  four 
quadrants  of  bearing,  thmi  illustrating  all  possihle  cases.  The  algebraic 
ligna  are  shown  on  the  figure  and  indicated  abo  in  the  following  table  : 


Line 


Bearing 


AB 

N.E. 

FQ 

S.E. 

JK 

S.W. 

OP 

N.W. 

Latitude 
N.(  +  )     S.(-) 
AC 

FI 
JM 
OQ 


Departure 
E.(  +  )      W.(-) 
AD 
FH 


N 


W 


^£  W-. 


N 

I 

I 

I 


s  s 


: £  wjt':^^ £ 


Fio.  438. 


Bemark.  These  algebraic  signs  correspond  to  those  in  common  use  for 
ordinate  and  abscissa,  i.e.,  above  the  axis  of  reference  plus;  lelow, — miniiai 
to  the  right  of  the  axis  plus;  to  the  left, — minua. 

Illustration.  The  calculation  of  latitudes  and  departures  according  to  the 
method  of  Art.  438  ia  indicated  below. 


Line  X  Cos.  Bearing  =  Latitude. 

n:(+)  s.(-) 

AB XCoa.  BAN.      AC 
FG^Cos.  GFS.  FI 

JKXCoa.KJ8.  JM 

OP  X  Cos.  PON.       OQ 


Line X  Sin.  Bearings  Departure. 

E.(  +  )      W.(-> 


^BX Sin.  BAN 

FGXSin.GFS. 

•J/CXSin.  KJ8. 

OP  X  Sin.  PON. 


Ai) 
FH 


JL 
OR 


Remark.  It  is  evident  that  the  departure  of  any  north  and  south  line  is 
aero,  and  that  the  latitude  of  any  ea^  and  west  line  is  zero. 

439.  The  Latitudes  and  Departures  of  a  System  oi 
Transit  Lines  may  be  used  for  determining  the  position  of  any 
station  with  respect  to  any  other  station.  The  algebraic  sum 
of  the  latitudes  of  all  the  lines  between  any  two  stations  gives 
the  distance  that  one  of  those  stations  is  north  or  south  of  the 
other;  and  the  algebraic  sum  of  the  departures  gives  the  dis- 
tance one  station  is  east  or  west  of  the  other. 

JUustraUon.  In  Fig.  439  let  it  be  required  to  find  the  position  of  J  with 
rf!5pert  to  /''.  Suppose  that  the  latitudes  and  departures  have  been  found 
by  calculation  to  De  the  quantities  indicated  on  the  figure.  Tabulate  tbo 
quantities  tiius: 


Line    Bear. 


FG 
GH 
HI 
IJ 


S.E. 
N.E. 
NW. 
S.E. 


Latitude  Departure 

+  (N.)-(S.)  +(fi.)-(W.) 

65  80 

40  97 

54  66 

48  127 


±IZ7,, 


+94-113 
+  94 


+  304 
-   66 


66 


+  97 

Fia.  439. 


-   19     +238 

It  is  seen  that  /is  19  ft.  south  of  F  and  238  ft-,  east  of  F.  It  is  evi- 
dent that  the  position  of  any  point  with  respect  to  any  other  point  c&a 
be  determined  m  like  manner.     Thus: 
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/  b+97-66»31  ft.  east  of  G  and  +  40+M-04  ft.  north  of  O, 

Remark.  This  principle  is  made  use  of  in  plotting  (Chapter  X  LI)  and 
in  the  calculation  of  omitted  measurements  and  of  areas  U'Cbu>ters  ^xx"!! 
and  XXXIII);  also  in  parting  oflf  land  (Chapter  XXXlV). 

440.  In  a  Closed  System  of  Transit  Lines  the  algebraic 

sum  of  the  latitudes  should  be  zero  and  the  algebraic  sum  of 
the  departures  should  be  zero. 

Remark.  This  simply  means  that  if  a  man  walks  around  a  dosed  83»* 
tem  of  transit  lines  returning  to  the  starting-point  he  will  have  walked  as 
far  north  as  he  walked  south,  and  as  far  east  as  he  walked  west,  Le.*  norti^ 
inga  and  eovihinga  are  equal  and  eastings  and  westings  are  equaL 

441.  The  Error  of  Closure  of  a  Survey  (see  p.  119)  may  hd 
ascertained  by  finding  the  difference  between  the  north  lati- 
tudes and  the  south  lati- 
tudes and  the  difference 
between  the  east  departures 
and  the  west  departures. 

IHuetraHon.  In  Fig.  441  is 
shown  a  closed  systttn  of  timiMit 
lines.  Suppose  the  latitude  and 
departure  of  each  line  have  beea 
found  from  calculation  to  be 
equal  in  feet  to  the  numben  in- 
dicated in  the  figure.  They  may 
be  tabulated  as  follows: 

Lme     Length  Bearing     N.Lat.(  +  )  S.Lat.(-)  E.Dept.(+)  W.Dqyt.(-) 

AR       638.3     S.-E.  -200.2'  499.7' 

~^       234.9     N.-E.  180.1'  150.8* 


,-.iffi0i/- -;£-..3a2- 


BC 
CD 

"da 


357.7      N.-W. 
391.5     S.-W. 


1522.4 


180.1' 
194.9* 


+  375.0 


Error— 


-175.0' 

-375.2' 
+375.0' 


+  650.6 


-0.2S.     and 


-aoo.c 

-350.2' 

-650.2' 
+650.5' 

+0.3  £. 


Error  of  closure =>/(0.2)2+  (0.3)2. 


>0.36  S.E. 


Since  the  total  distance  around  the  polygon  is  1522.4,  the  error  of  eloeura 
n  "id  1 

is  f  eoo  ^  or  about  jzrr^.     This  is  the  apparent  error  of  the  field  work.    The 
1 522.4  4230 

real  error  in  field  work  may  have  been  much  greater,  since  the  Bppmnni 

error  includes  compensating  errors.     P'or  example,  a  north  latitude  whiob 

is  too  large  may  be  offset  by  a  south  latitude  which  is  also  too  large,  or  a 

west  departure  which  is  too  small  may  ire  offset  by  an  east  departure  iHiieh 

is  also  too  small. 

The  direction  of  the  error  is  indicated  by  the  algebraic  signs.  Thus  in 
this  example  the  error  in  latitude  ( —  0.2)  and  the  error  in  departure  (+0.3) 
indicates  error  south  and  east,  i.e.,  0.36  southeast. 

Pfrmi^sHfle  error  of  cloeure.     (See  p.  160.) 
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442.  Each  Line  has  Two  Bearings,— Which  Is  Used? 

In  computing  latitudes  and  departures  one  may  go  arotmd  the 
polygon  in  either  direction,  but  the  bearings  used  must  all  be 
forward  bearings  for  the  direction  chosen. 

lUuttration,  If  in  Fig.  441  one  goes  around  the  polygon  from  A  to  B 
to  C  to  D  to  At  the  bearings  used  are  those  noted  on  the  figure  because 
they  are  all  forward  bearings  for  the  direction  chosen.  But  if  one  ^oes 
around  in  the  opposite  direction  (A  to  D  to  C  to  £  to  A),  the  bearmgs 
should  be  changed  so  that  they  <ill  will  be  forward  bearings  tor  that  direc- 
tion. i.e..  AD-N.  63°27'E.,  DC  =  S.  57°E.,  CB -8.  39°  56' W.,  and 
BA  ==N.  68°  IC  W.  The  principal  thing  to  avoid,  therefore,  is  the  care* 
less  use  of  a  back  bearing  in  place  of  a  forward  bearing.  For  example, 
suppose  that  in  F^,  441  the  bearing  of  CD  had-  been  put  down  S.  57  E. 
instead  of  N.  57°  W.,  the  other  bearings  remaining  as  they  are  in  the  figure. 
In  the  tabulated  form  the  latitude  of  CD  would  then  be  entered  in  the 
south  column  and  its  departure  in  the  east  column,  and  of  course  the  sur- 
vey would  not  close. 

443.  To  Compute  Latitudes  and  Departures,  Using 
Azimuths*  It  is  not  necessary  to  convert  azimuths  into  bear- 
ings. If  the  azimuths  are  measured  clockwise  from  the  north 
point  as  zero,  and  the  usual  trigonometric  rules  for  signs  are 
observed,  the  signs  of  the  trigonometric  fimctions  of  any  azi- 
muth will  agree  with  the  signs  of  the  corresponding  latitudes 
and  departures  as  given  on  p.  385.  Thus  the  N.E.  quadrant. 
will  correspond  to  the  first  quadrant  in  trigonometry,  the  S.E. 
quadrant  the  second,  S.W.  the  third,  and  N.W.  the  fourth. 
This  is  the  principal  reason  for  reckoning  azimuths  from  N. 
instead  of  from  S.  (see  p.  114,  Art.  160  (6)). 

lUustration.  In  Fig.  441  the  azimuth  of  DA  would  be  243*  27'.  The 
cosine  and  sine  of  243  27'  are  both  minus,  hence  the  latitude  and  depar- 
ture of  DA  are  both  minus,  or  south  and  west  respectively.  The  student 
can  easily  satisfy  himself  in  regard  to  the  signs  in  the  other  quadrants  in 
a  similar  manner. 

444.  Different  Methods  of  Finding  Latitudes  and  De- 
partures, (a)  By  computation.  The  length  of  each  line  may 
be  multipUed  by  the  natural  cosine  and  sine  of  its  bearing,  but 
usually  it  is  quicker  to  work  with  logarithmic  tables.  System- 
atic forms  of  computation  facilitate  the  work  and  diminish 
chances  of  error.  A  complete  example,  showing  a  form  for 
logarithmic  work  and  a  method  of  tabulating  results,  is  giver. 
on  pages  393  and  394. 

(ft)  Traverse  tables  are  simply  tables  of  natural  sines  antf 
cosines  from  0®  to  90®  multiplied  by  1,  2,  3,  etc.,  to  10,  and 
in  some  tables  to  100.  In  the  conamon  forms,  values  are  given 
for  every  quarter  degree,  but  such  tables  are  good  only  for 
rough  compass  surveys  and  work  of  a  similar  na\.\xi^.    ^«i^c^R"^ 
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such  as  those  of  Boileau  giving  values  for  every  minute  of 
arc,  are  exceedingly  useful.  In  finding  the  latitude  and  de- 
parture of  any  length  expressed  by  several  figures,  the  latitude 
and  departure  for  each  digit  is  read  from  the  table  (using  the 
given  bearing),  and  brought  to  the  correct  value  by  moving 
the  decimal  point.    The  several  quantities  are  then  added. 

lUuairaiion.  The  following  line  of  values  is  taken  from  a  traverse  table. 
Only  half  a  line  is  shown;  the  other  half  is  usually  given  on  the  oppoeite 
page. 

12  3  4  5 

Lat.     Dep.      Lat.      Dep.     Lat.     Dep.      Lat.    '  Dep.      Lat.      Dep. 
30*"  0.866   0.500     1.732     1.000    2.598    1.500    3.464    2.000    4.330    2.500 

Suppose  that  a  line  is  N.  30^  E.  and  its  length  is  4  ft.;  then  its  latitude 
is  3.46:1  and  its  departure  is  2.000.  If  the  line  is  40  ft.  instead  of  4  ft., 
the  two  values  are  34.64  and  20  ft.;  if  400  ft.  long  the  values  are  346.4 
and  200.0  ft.,  and  so  on. 

Let  it  be  required  to  find  the  latitudes  and  departures  of  the  two  linee 
AB  and  CD,  whose  lengths  and  bearings  are  given  below. 

AB  CD 

L'gth  =  542.3  ft.,  Bearing  =  N.  30°  W.     L*gth  =  503.1  ft..  Bearing  =  S.  30»  W 
Latitude  Departure  Latitude         Departure 

433.0  250.0  433.0  250.0 

34.64  20.0  00.0  00.0 

1.732  1.0  2.598  1.5 

.26  .15  .086  .05 


469.63  N.  271.15  W.  435.68  S.  251.55  W. 

Remark.     When  a  zero  occurs  in  a  number,  instead  of  inserting  the , 

as  shown  above,  move  the  next  number  over  two  places.  A  natural  mis^ 
take  which  might  be  made  in  the  second  illustration  is  that  of  putting 
down  0.8  instead  of  0.08  and  0.5  instead  of  0.05  for  the  latitudes  and  de- 
partures, respectively,  of  the  digit  1  in  the  quantity  503.1. 

(c)  Trigonometer,  A  device  for  finding  graphically  the  lati- 
tude and  departure  of  any  line.  A  diagram  is  constructed  on 
regular  cross-section  paper,  or  squares  may  be  ruled  to  any 
desired  scale.  From  the  lower  left-hand  comer  of  the. diagram 
as  an  origin,  distances  are  numbered  along  the  horizontal  and 
vertical  edges.  A  revolving  arm,  pivoted  at  this  origin,  has  a 
straight-edge,  which  if  produced  would  pass  through  the  origin. 
This  straight-edge  is  graduated  to  correspond  to  the  scale  of 
the  cross-section  paper.  The  upper  and  right-hand  edges  of 
the  diagram  are  marked  to  correspond  to  degrees  and  fractions 
of  degrees,  with  the  origin  as  a  center.  By  means  of  this 
angular  graduation  the  rovolving  straight-edge  is  set  to  the 
bearing  of  the  given  line,  the  length  of  the  line  is  noted  on  the 
straight-edge,  and  the  corresponding  latitudes  and  departures 
are  read  from  the  cross-section  scale.  If  azimuths  are  used 
instead  of  bearings  the  numbering  of  angles  should  be  con- 
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nued  up  to  360°.  This  instrument  is  useful  in  rough  deter- 
inations,  such  for  example  as  those  needed  in  plotting  to  a 
nail  scale,  but  of  course  the  degree  of  precision  which  can 
3  attained  is  far  less  than  that  obtained  by  computation. 
445.  A  Complete  Example  in  the  Computation  of  L^tl- 
ides  and  Departures.  The  computations  on  pages  3€0  to 
)4  illustrate  every  step  in  finding  the  co-ordinates  for  plotting 
y  the  method  of  latitudes  and  departures. 

(1)  A  rough  sketch  of  the  transit  lines  was  drawn  (p.  390);  angles  and 
stances  taken  from  the  field  notes  were  copied  on  this  sketch  and  checked 
/  again  comparing  with  the  field  notes. 

(2)  Angles  were  adjusted  so  that  the  sum  of  the  interior  angles  in  eaoh 
>lyKon  would  be  correct.  (See  p.  119.)  The  error  was  not  distributed 
luaJly  in  this  case,  as  there  were  certain  checks  on  some  of  the  angles, 
bile  on  others  there  were  no  checks.  Wnere  adjusted  values  differed 
om  the  original  values  the  latter  were  crossed  out  and  the  adjusted  values 
ritten  in  red  ink. 

(3)  The  field  notes  gave  the  angle  between  Polaris  at  its  east«m  elonga- 
on  and  the  line  FV  as  63°  25'  (see  p.  390),  hence  the  true  bearing  of  x  V 
as  63°  25'  + 1°  37' =  N.  65°  02'  E. 

(4)  Startmg  with  yy  =  N.  65°  02'  E.  the  bearings  ot  all  the  other  lines 
ere  calculated  from  the  cidjusted  vcduea  of  the  angles.     The  form  shown  cm 

391  is  not  quite  so  compact  as  that  given  on  p.  382,  and  there  are  other 
inor  changes,  but  the  method  is  the  same  as  that  explained  in  the  preced* 
g  chapter.  The  student  is  advised  to  follow  closely  the  form  on  p.  382 
stead  of  that  on  p.  391. 

Remark.  In  many  surveys  no  observations  are  taken  to  determine  the 
ue  meridian.  In  that  case  the  magnetic  bearing  of  any  line  which  is 
lought  to  be  correct  may  be  assumed  to  start  with,  or  this  magnetic  bear- 
g  may  be  changed  to  a  true  bearing  if  the  declination  is  known.  9o 
,r  as  plotting  is  concerned,  it  makes  no  difference  what  value  is  taken 
T  the  bearing  of  the  first  line;  an  absolutely  fictitious  bearing  may  be 
}ed,  provided  the  bearings  of  all  other  lines  are  computed  from  the  trav- 
se  angles.  The  relative  positions  of  all  points  on  the  map  will  be  correct, 
id  this  in  many  cases  is  all  that  is  required. 

(5)  Another  rough  sketch  was  made  of  the  transit  lines  (see  p.  392), 
id  the  length  and  the  calculated  bearing  marked  along  each  line. 

(6)  Latitudes  and  departures  were  computed  by  logarithms  (see  p.  393). 
he  data  from  the  sketch  on  p.  392  were  entered  in  the  first  column  as 
town,  then  all  the  log.  sines  and  cosines  were  looked  up,  then  all  the  loga- 
thms  of  the  lengths,  then  the  additions  were  performed  and  finally  the 
titudes  and  departures  were  ascertained  from  corresponding  logarithms. 
I  this  way  like  operations  were  grouped  to  save  time.  (See  p.  374  for 
ihcr  suggestions  for  the  use  of  logarithms.) 

(7)  The  results  obtained  in  (6)  were  tabulated  in  the  first  seven  col- 
tnns  on  p.  394.  The  errors  are  found  to  be  0.02  and  0.14  ft.  for  latitudes 
id  departures  respectively. 

(8)  The  last  step  was  to  compute  and  tabulate  the  last  three  columns 
).  394)  for  purposes  of  plotting  as  explained  on  p.  472. 

Checks,  tl  the  errors  m  (7)  are  found  to  be  very  large,  apply  two  checks: 
L)  Compare  each  latitude  and  each  departure  with  the  first  and  last 
itters,  respectively,  of  the  bearing  of  the  corresponding  line  to  see  if  each 
Ets  been  entered  in  the  proper  column,  N.  or  S.  and  E.  or  W. 

(2)  See  if  a  latitude  anci  a  departure  have  not  been  interchanged,  the 
ititude  being  put  in  a  departure  column  and  vice  versa.     To  do  this  notice 

the  bearing  of  each  course  is  greater  or  less  than  45°;  if  it  is  greater, 
le  departure  should  be  greater  than  the  latitude,  otherwise  it  should  be 
«s.     (See  an  article  by  Mr.  Gould,  p.  397.) 

(3)  If  no  mistakes  are  discovered  in  (1)  and  (2),  make  sure  that  the 
ata  were  copied  correctly  and   ro  over  the  computations  again.     One 
sin  often  tell  from  inspection  which  latitude  and  departure  \a  "oioaX  V^^>j 
>  be  incorrect,  and  there/ore  which  computation  to  check  &:a\». 
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Calculations  for  Bearings 
jtside  Lines 

atlon  rjr 

is        SJ^'BS' 


=  A/  6S''02'£  -f  ^Sl^J 
=    _99^52^-h 

/eo"*  0'   - 


=  N  is^'oe'w-ts.E) 

=  22S^Z^-h 
2I0''30'  + 
180''  0'    - 


=  N  ZO'^ZO'E  -h  (SWJ 

=       47V/'     -h 

=    3  77''4l'W+(N.E) 

Z58'*04'    + 
180''  0'     - 


=  S  78''04'y\/-t(N:E) 

=      I00''49'    -^ 

I78''S3'     -f 

180**  0'     - 

=  S'     l''07'E -(N.w) 

=      /80''4I'     + 

1 79'' 34'    + 

180"  0'     - 


=     5  CZSE  -fMlV.) 
=      /48''23'     -h 
I47''57'    + 
ISO"  0'     - 


=    S32''03'E   - 


Outslole  Lines 

SR     =:    N32''03'W- 
RST==      122" 58'    + 


90" 5S' 
180"  0'    - 
5r    =   S89"05*E-(N.W) 
STU  =      I79"43'    -h 

90"38'   + 


rz/   =    S89"22'E  -(N.W) 
TUl/=^      /0S''2r    -h 
Ul/  =    N  /5"59'E'I-CSW.) 
U/I4I^      I48"55'    + 
1 64" 54'    -h 
180"  0'    - 


VW  =  N/5"06W- 


rcheclf)^ 


Inside  Lines 

TS    =    N89''05W' 

STY  ^        87""  14'     + 

TY    =    Af  /""sri/V  '($£) 

TYIY  =      //3'*07'    - 

II4"58'     - 


yy  =  N  6S°02'E  + 
l/YkV=  30"Z2'  ' 
Y\A/  =  N  34'*40'£  •* 
i4^K^  =  /26''24'  - 
P/V4'     - 

YO  ^  S  88""  te'^-h 


■IP 
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True  Bearings.  -  Main  Transit  L  ines 
Bearing  of  one  line  (YV),  found  from  an 


observation  on  Polar/s 


S78'oa;j^ 


S     Saros'E      J    Sd9'*22'£^U 
Not  drawn  to  sca/e. 
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69/. 2  2 
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/  93.00 

S77%l'yi/ 
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2.548/4 
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N0  = 
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7.877/6 

75  36 

s  rsWiv 

9.9905/ 

9.3/549 
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2  80375 
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OP  = 

622.67 

2.79426 

2.// 924 

/3/.  59 
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446.  Balancing  a  Survey  means  making  such  corrections 
lat  the  sum  of  the  north  latitudes  shall  equal  the  sum  of  the 
•uth  latitudes,  and  the  sum  of  the  east  departures  shall  equal 
le  smn  of  the  west  departures.  This  applies,  of  course,  only 
hen  the  survey  forms  a  closed  polygon.    In  such  a  case  there 

practically  always  some  error  of  closure,  but  it  does  not  fol- 
w  that  this  error  must  always  be  corrected.  Thus,  for  exam- 
e,  on  page  394,  the  errors  of  0.02  ft.  in  latitude  and  0.14  ft. 

departure  may  be  entirely  ignored  so  far  as  plotting  is  con- 
med.  This  is  usually  the  case,  for  if  the  error  of  closure  is 
rge  enough  to  be  appreciable  in  plotting  it  usually  exceeds 
le  permissible  error,  and  measurements  have  to  be  corrected 

the  field.  Hence  it  is  seldom  necessary  to  balance  a  survey 
r  purposes  of  plotting.  When,  on  the  other  hand,  the  data 
e  to  be  used  for  other  purposes,  as,  for  example,  in  describing 
)undaries  of  land,  it  may  be  necessary  to  distribute  the  errors 

that  the  polygon  described  shall  be  a  closed  figure. 

447.  Two  Methods  of  Balancing  a  Survey.  (1)  When  all 
easurements  have  been  made  with  the  same  degree  of  precis- 
n,  the  errors  may  be  distributed  among  the  sides  of  the  poly- 
>n  in  proportion  to  their  respective  lengths.  (2)  When  some 
easurements  have  been  made  with  a  greater  degree  of  pre- 
sion  than  others,  the  less  accurate  measurements  should  be 
ven  the  larger  corrections. 

(a)  First  Method.    The  following  proportions  are  used: 

I        Total  error  in  latitude    __  Error  in  latitude  of  one  side      ei 
~  Total  length  of  perimeter  Length  of  that  side         ~  T  * 

i  Total  error  in  departure  Error  in  departure  of  one  side  e^ 
*  ~~  Total  length  of  perimeter  Length  of  that  side         ~  T  * 

El  ,  Ed 

ei=^Xs     and     ed=-pX«. 

It  is  not  worth  while  to  split  hairs — ^the  corrections  can 
sually    be    made    mentally.    Thus    approximate    values    are 

^i  ^d 

►and  for  -^   and  -^  once  for  all  and  these  multiplied  by  the 

ngths  of  the  different  sides  in  succession.  Corrections  should 
3  subtracted  from  numbers  in  a  colmnn  where  the  sum  is  too 
.rge  and  added  to  numbers  in  a  column  where  the  sum  is  too 
nail. 
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Illustration.  Let' it  be  required  to  distribute  the  errors  of  —0.2  in  lati- 
tude and  +0.3  in  departure  on  p.  386. 

Ei        0.2     ^     1  Ed^    0.3  1 

P  ""  1522.4  "7500  P      1522.4     5000 

^^    ^^Xf^^^-^^  ^8X5^=0-11 

BC     234 X    "    =0.03  234 X    **    =0.04 

CD     357X    ••    =0.05  357X    **    =0.07 

DA     391 X    *•    =0.05  391 X    "    =0.08 

0.20  0.30 

The  sums  of  the  corrections  equal  0.2  and  0.3  respectively.  In  this 
example  (p.  386)  the  sum  of  the  south  latitudes  exceeds  the  sum  of  the 
north  latitudes,  hence  subtract  0.07  and  0.05  from  200.2  and  175  respec- 
tively, but  add  0.03  and  0.05  to  180.1  and  194.9  respectively.  The  east 
departures  exceed  the  west  departures,  hence  subtract  0.11  and  0.04  from 
499.7  and  150.8  respectivelv,  but  add  0.07  and  0.08  to  800.0  and  350.2 
respectively.  The  corrected  latitudes  and  departures  may  be  written  in 
the  table  in  red  ink  directly  over  the  original  corresponding  values. 

Nate.  Correcting  the  latitude  and  departure  of  a  line  is  equivalent  to 
changing  the  two  short  legs  of  a  right  triangle,  hence,  to  be  strictly  con- 
sistent, the  line  itself  (or  hjrpothenuse)  should  be  changed  to  correspond, 
i.e.,  a  new  bearing  and  a  new  length  should  be  found  which  correspond  to 
the  corrected  latitude  and  departure.  This  is  often  a  needless  refine- 
ment, but  when  it  is  necessary  it  can  be  done  easily  by  simply  reversing 
the  trigonometric  method  used  in  finding  latitudes  and  departures.  (See  | 
also  p.  400.) 

(6)  Another  method  is  given  by  Mr.  Llano  {Engineering  News.  Nov.  23,  I 
1899,  and  Jan.  18,  1900).  Let  <S=>the  corrected  length  of  any  siae,  L«uii-  | 
corrected  latitude,  Z>  =  uncorrected  departure,  and  «,  Ei^  Ed*  and  P  same  , 
as  on  p.  395.  ■ 

El        Ed 
S  =  s  —  -nL  —  '-pD  (formula  for  correcting  lengths). 

Let  B  =  the  uncorrected  bearing  of  any  side  and  Ch  the  correction  in 
minutes  to  be  applied  to  this  bearing;   then 

r  l^i  ^d  \ 

^6  =«  3400  I  -^  sin  B  —  -p-  cos  B  I   (formula  for  correcting  bearings). 

El  E^ 

The  quantities  -p-  and  -p-  having  already  been  worked  out*  the  extra    « 

work  involved  is  small.     Use  natural  functions  in  the  last  formula. 

I 

(c)  Second  method  op  balancing  a  survey.  This  con- 
sists in  distributing  the  errors  where  it  is  most  likely  that 
errors  in  field  work  were  made.  On  the  whole  this  method  is 
often  preferable  to  the  preceding  method.  In  using  it  the 
following  points  should  be  kept  in  mind. 

(1)  Measurements  made  under  the  most  imfavorable  condi- 
tions may  be  given  the  greatest  corrections.  Thus,  for  exam- 
ple, linear  measurements  on  steep  slopes,  or  over  other  ground 
unfavorable  for  chaining,  are  more  likely  to  be  too  long  than 
if  made  under  favorable  conditions. 

(2)  All  linear  measurements  are  likely  to  be  too  long  pro- 
vided the  length  of  the  tape  is  not  longer  than  it  should  be. 
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hence  in  making  corrections  it  is  better,  as  a  rule,  to  decrease 
distances  than  to  increase  them,  i.e.,  it  is  better  to  subtract 
from  the  latitudes  and  departures  in  the  columns  whose  sums 
are  the  greater  than  to  add  to  latitudes  and  departures  in 
columns  whose  sums  are  the  smaller. 

(3)  A  slight  change  in  the  bearing  of  a  long  line  will  affect 
the  latitudes  and  departures  more  than  the  same  change  in 
a  short  line, 

(4)  If  a  line  is  nearly  north  and  south,  a  slight  change  in  its 
bearing  will  change  its  departure  without  greatly  affecting  its 
latitude,  while  a  slight  change  in  its  length  will  change  its  lati« 
tude  without  greatly  affecting  its  departure.  Likewise,  if  a  line 
is  nearly  east  and  west  a  change  in  its  bearing  affects  its  lati* 
tude,  while  a  change  in  its  length  affects  its  departure. 

(d)  In  an  article  by  Mr.  E,  Sherman  Gould  {Engineering 
NewSf  Jan,  4,  1900)  some  excellent  suggestions  are   given  as 

follows: 

The  error  of  closure  must  be  due  either  to  a  mistake  in  calculating  the 
traverse  or  to  an  error  in  field  work. 

To  detect  it,  the  traverse  must  be  first  examined.  We  assume  that  the 
courses  have  been  called  back  so  that  there  is  no  error  in  copying,  also 
that  the  taking  out  of  sines  and  cosines  and  multiplications  liave  been 
checked,  so  that  there. is  no  error  there.  We  also  assume  that  before  the 
columns  were  footed  up  care  was  taken  to  see  that  all  entries  were  made 
in  the  proper  columns.  In  this  connection  it  may  also  be  stated  that  it 
will  be  found  con<lucive  to  accuracy  to  head  the  columns  of  Latitudes  **N  " 
and  "S",  and  those  of  Departures  "E"  and  "  W",  rather  than  +  and  -. 
It  is  then  very  easy  to  see  if  any  mistakes  have  been  made  in  putting  the 
latitudes  and  departures  in  the  wrong  column.  To  see  if  they  have  not 
been  interchanged,  that  is,  latitude  placed  in  the  departure  column,  or 
vi-ce  versa,  observe  if  the  bearing  of  each  course  has  more  or  less  than  45° 
of  departure.  If  it  has  more  the  departure  is  greater  than  the  latitude; 
if  it  has  less  the  latitude  is  the  greater.  Thus,  suppose  the  bearing  to  be 
N.  36°  24'  E.  and  the  distance  463  ft.  The  pine  and  cosine  of  this  angle 
are,  respectively,  0.59342  and  0.80489.     Multiplying  both  by  the  distance 

f rives  274.753  and  372.664.     A  glance  shows  that  the  latter  must  be  the 
atitude  and  the  former  the  departure. 

If  all  this  is  correct,  then  without  a  shadow  of  a  doubt  the  error,  if  a 
considerable  one,  is  in  the  chaining.  If  numbered  stakes  have  been  driven 
every  hundred  feet,  and  leveled  over  as  in  the  case  of  a  railroad  line,  there 
will  be  no  mistake  in  the  full  stations,  because  the  leveling  party  would 
detect  and  report  it.  The  chief  source  of  error  is  in  the  pluses,  and  these 
errors  are  commonly  made,  if  at  all,  by  reading  the  cham  backward,  for 
instance,  taking  64  ft.  for  36,  The  distances  used  in  the  traverse  must 
be  then  carefully  examined  to  see  if  such  a  change,  or  any  change  in  fact, 
in  one  or  more  distances  would  reduce  the  error  to  limits  of  normal  in- 
accuracy. By  diligent  scrutiny  such  an  error  is  sure  to  be  detected  by 
an  expert  eye,  and  then  a  couple  of  trustworthy  chain  men  are  sent  out 
to  verify  the  suspected  measurement,  not  informing  them,  of  course,  of 
what  the  error  is  suspected  to  be.  In  almost  all  cases  a  resurvey  can  be 
avoided  by  an  intelligent  guess  at  the  point  where  the  mistake  was  prob- 
ably made.  Undoubtedly  a  great  deal  of  unnecessary  work  is  frequently 
gone  through  with  in  such  cases  merely  for  the  lack  of  a  little  reflection. 

All  actual  blunders  or  "busts"  being  thus  eliminated,  there  will  still 
remain  some  discrepancies  between  the  Northings  and  the  Southings  and 
Eastings  and  Westings,   unless  by  pure  chance  they  should  ha^^ft\\  \si 
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balance.  .  .  .  The  practice  of  the  old  land  surveyors,  when  given  a  survor 
to  locate  from  a  description,  was  to  first  work  out  a  traverse  for  it,  which 
as  a  matter  of  course  never  closed,  and  then  retain  all  the  courses  and 
distances  intact  till  the  last  one  was  reached.  A  closing  course  and  dis- 
tance was  then  calculated  and  the  area  of  the  survey  determined  accord- 
ingly. This,  I  believe,  is  the  legal  way  of  treating  a  survey  which'  does 
not  close,  unless  some  metes  and  bounds  are  cited  which  conflict.  It  is, 
however,  awkward  when  the  last  course  is  a  course  of  an  adjoining  tract, 
particularly  if  of  an  earlier  date. 

I  believe  the  best  way  to  balance  such  a  survey  as  we  have  been  eon-' 
sidering,  that  is,  one  in  which  there  can  be  found  no  absolute  mistake, 
and  only  a  sUght  discrepancy  remains  to  be  eliminated,  is  to  go  very  care- 
fully over^  the  traverse  and  see  to  what  changes  of  distance  it  will  respond 
most  sensitively.  For  instance,  supposing  that  in  a  large  survey  of  several 
hundred  acres  the  North  latitudes  exceeded  the  South  by  a  few  feet,  and 
the  East  departures  were  less  than  the  West  by  a  somewhat  smallo:  dis- 
crepancy. In  the  first  place  we  would  look  to  see  if  this  difference  was 
about  in  the  right  proportion;  that  is  to  say,  if  the  total  latitudes  were 
^eater  than  the  total  departures,  then  the  difference  between  the  North' 
mgs  and  Southings  should  be  greater  than  between  Eastings  and  Westings, 
and  the  fact  of 'their  being  so  would  give  us  additional  confidence  that  the 
erroi-8  were  simply  due  to  ordinary  small  -inaccuracies,  althou^  this  evi- 
dence would  not  be  conclusive  either  way.  We  would  then  see  what 
courses,  if  any,  ran  nearly  North  and  South.  It  is  clear  that  by  lengthen- 
ing ana  shortening  these  by  a  small  amount  we  would  make  a  great 
impression  on  the  latitudes.  And  the  same  in  reference  to  the  departures. 
On  the  other  hand,  the  change  of  a  single  minute  in  the  bearing  of  a  long 
course  running  nearly  North  and  South  will  make  a  great  change  in  the 
departure.^  In  a  word,  by  an  intelliocent  study  of  the  traverse  all  minor 
discrepancies  can  be  eliminated  with  a  small  number  of  chang'^  when 
plaf*ea  where  they  do  the  most  good,  and  this  method  will  provfi  the  most 
satisfactory  in  practice. 


CHAPTER  XXXII 
CALCULATION  OF  OMITTED  MEASUREMENTS 


When  all  the  angles  and  sides  of  a  polygon  are  known  except  two,  those 
two  can  be  found  by  calculation.  In  that  case,  however,  it  is  necessary 
to  assume  the  measurements  actually  taken  in  the  field  as  correct, — there 
can  be  no  check  on  the  field  work,  nor  can  the  survey  be  balanced.  Hence 
the  importance  of  taking  closing  angles  and  distances  notwithstanding  the 
fact  that  they  can  be  calculated  if  omitted.  There  are  times,  however, 
when  because  of  some  oversight  or  because  of  obstacles  to  field  work  it 
becomes  necessary  to  compute  omitted  measurements.  Methods  for  doing 
this  are  outlined  m  this  chapter. 


448.  Oiiiitted  Parts  of  a  Triangle.  The  most  general  case 
is  that  of  the  oblique  triangle.  If  any  three  parts,  including  at 
least  one  side,  are  known  the  remaining  three  may  be  found  by 
trigonometrical  methods,  which  need  not  be  explained  here. 
The  case,  however,  in  which  one  side  and  the  two  adjacent 
angles  are  known  arises  so  often  in  triangulation  that  sugges- 
tions are  given  below  for  the  order  and  arrangement  of  the  work. 

(a)  Computations  for  triangulation.  (1)  Find  the  most  prob- 
able value  of  the  base-line  and  adjust  the  angles  in  each  tri- 
angle of  the  triangulation  net  so  that  the  sum  will  be  180°. 
(2)  Make  out  a  form  similar  to  one  of  the  two  given  below, 
leaving  spaces  for  logarithms  and  results.  (3)  When  the  form 
is  completed,  and  not  before,  look  up  the  logarithms.  (4)  Using 
the  computed  length  of  a  side  as  a  base,  solve  each  of  the  tri- 
angles of  the  triangulation  net  in  a  similar  manner. 

(b)  lUugtralion,    Given  a -416.32    ft.,    il"64*»18'.    B=58*»40',    and 
C  =  6r  02'. 

To  find  h  To  find  c  Check 

.      a  sin  B  a  sin  C  t     c  sin  B 

sm  A  sm  A  sm  C 

loga=»  logo=  logc  — 

log  sin  B  =«  log  sin  C  =»  log  sin  B  = 

colog  sin  A  =  colog  sin  A  =  colog  sin  C  =• 


Iog6=-  logc=  log6  — 

6—  «=■ 


^^ 
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A  check  which  is  longer  but  more  sure  than  that  given  above  is  to  find 

b  from  the  formula  r  - —  =  ^ .  .p  .    ...     This  check  is  quite  certain  to 

b  +  a     ta,a  iiB  +  A) 

reveal  mistakes  if  any  have  been  made. 

(c)  Remark.  In  triangulation,  one  side  of  the  triangle  farthest  from  the 
base  may  be  measured,  and  an  agreement  between  its  measured  and  its 
calculated  length  is  a  check  on  the  calculated  sides  of  all  the  triangles  in 
between. 

(.d)  TKc  following  form  is  more  compact  than  that  given  on  page  399. 
(i)       log  sin  C  = 

(2)  loga  = 

(3)  colog  sin  A  =  Add    the    logarithms   in 

(4)  log  din  B  —  the  order  indicated  to  g^ 

results  (5)  and  (7). 

(5)  logc=  (l)  +  (2)  +  (3) 
(G)   oolog  sin  C  — 

(7)  log  6  =  (2)  +  (3)  4-  (4)  =  (4)  +  (5)  4-  (6)  (check). 

(e)  Remark.  Various  formulas  for  the  solution  of  obliciue  triansUn  are 
given  in  the  back  of  this  book.  While  the  use  of  these  formulas  usuaUly 
e'lortens  t!ie  work  of  computation,  attention  is  called  to  the  fact  that  any 
oblique  triangle  can  be  divided  into  two  right-angled  triangles  by  drop|>inc 
a  perpendicular  from  one  vertex  to  the  opposite  side  and  ihB  required 
parts  found  by  solving  these  two  right-angled  triangles.  WhatevM*  solu- 
tion is  used,  prepare  a  form  before  looking  up  the  logarithms. 

449.  Trigonometric  Relations  of  Bearing,  Length*  Lat« 
itude,  and  Departure.  The  latUude  and  departure  of  any  line 
form  two  sides  of  a  right-angled  triangle  in  which  the  line  itself 
u  the  hypothenuse.  One  angle  in  this  triangle  is  the  bearing 
of  the  line,  i.e.,  the  angle  between  the  hypothenuse  and  the 
latitude.  Any  two  parts  of  this  triangle,  including  at  least  one 
side,  l^ing  known  the  other  two  can  be  found  by  trigonometry. 

GIVEN  BEQUIBED  FORMULA. 

(a)  Bearing  and  Length  Latitude  =  Length  XCos.  Bearing 

{b)  Bearing  and  Length  Departure  =  Length  X  Sin,  Bearing 

(c)  Latiivde  and  Dep.  Tan,  Bear.  =  Depart, -v- Latitude 

(d)  Latitude  and  Bearing  Length  =  Lot. 

(e)  Departure  and  Bear.  Length  =  Dep.      -r-  Sin,  Bearing 
(J)   Latitude  and  Length  Cos.  Bear,  —  Lai,       -r-  Length 
{g)  Depart,  and  Length  Sin,  Bear,  =  Dep.      -^  Length 

(h)  Lot.  and  Departure     Length— \/ {Latitudey-\-  (Departure)* 

450.  Omitted  Measurements,     (a)  There  are  no  omitted 

measurements  in  any  polygon  when  the  bearing  and  length  of 
each  side  is  known.  When  the  exterior  or  interior  angles  are 
given  in  place  of  the  bearings,  and  the  bearing  of  one  side  is 
known  (or  assumed  for  purposes  of  calculation)  the  bearings  of 
all  the  other  sides  can  easily  be  found  by  calculation  (Chapter 
XXX).  When  not  more  than  two  bearings,  or  two  lengths  or 
one  length  and  one  bearing,  are  omitted  the  missing  parts  may 
be  calculated.  This  applies  of  course  only  to  closed  polygons. 
W      I  there  are  three  or  more  missing  parts  they  cannot  be 


Cos,  Bearing 
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calculated.    Missing  parts  are  understood  to  mean  bearings  or 
lengths  or  both. 

There  are  four  general  cases,  as  follows: 

I.  (a)  When  the  bearing  of  one  side  is  omitted. 
(&)  When  the  length  of  one  side  is  omitted. 

(c)  When  the  bearing  and  the  length  of  one  side  are  omitted. 

II.  When  the  bearing  of  one  side  and  the  length  of  another 
side  are  omitted. 

III.  When  the  lengths  of  two  sides  are  omitted. 

IV.  When  the  bearings  of  two  sides  are  omitted. 

Remark.  When  two  unknown  sidee  are  parallel,  Case  III  is  indeter- 
minate unless  the  area  is  known.  Cases  II  and  lY  are  also  indeterminate 
unless  it  is  known  which  of  two  angles  that  correspond  to  a  given  sine  or 
cosine  is  the  right  one  to  use. 

Notice  that  in  Case  I  only  one  side  of  the  polygon  is  affected. 
This  is  the  simplest  and  most  common  case,  and  the  solution  of 
each  of  the  other  three  cases  involves  the  general  method  used 
in  Case  I.  This  method  consists  simply  in  computing  and 
tabulating  the  latitudes  and  departures  by  the  method  of  the 
preceding  chapter  just  as  if  no  side  were  missing.  Of  course, 
the  survey  will  not  balance,  the  error  of  closure  (p.  386)  being 
very  large,  i.e.,  equal  to  the  required  side.  Hence  the  dis- 
crepancy between  the  sums  of  the  north  and  south  latitudes 
will  be  the  latitude  of  the  missing  side,  and  the  discrepancy 
between  the  sums  of  the  east  and  west  departures  will  be  its 
departure.  Two  sides  of  a  right  triangle  being  known  its 
hypothenuse  (the  required  side)  is  easily  found. 

451.  Methods  of  Calculation  for  each  of  the  four  cases  are 
outlined  in  succeedin;?  articles. 

Caution.  Before  beginning  calculations  make  sure  that  the  given  bear- 
ings are  either  all  forward  bearings  or  all  back  bearings. 

(a)  Case  I 

WHEN  THE  BEARING  OF  ONE   SIDE   OR  THE    LENGTH  OF  ONE  SIDE 
IS   OMITTED,   OR  WHEN   BOTH  ARE   OMITTED 

(1)  Calculate  and  tabulate  the  latitudes  and  departures  of  the 
given  sides  (Chapter  XXXI). 

(2)  Find  the  difference  of  the  sums  of  the  north  and  south 
latitude,  and  the  difference  of  the  sums  of  the  east  and  west 
departures;  these  two  differences  are  the  latitude  and  departure 
respectively  of  the  omitted  side. 

(3)  From  the  latitude  and  departure  thus  found  calculate  the 
omitted  bearing  or  the  omitted  length,  or  both. 
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T*?,!^''*'    7^%  choiw  of  Boveral  trigonometric  formulas  may  be  had. 

Ques/ton.  What  determines  the  quadrant  of 
the  omitted  bearing  thus  found,  i.e..  N.E.,  S.EL, 
D.W.,  or  N.W.7 

(6)  Jllustration.  In  Fig.  451  (6)  suppose  that 
the  bearmg  and  the  length  of  AD  are  omitted  in 
the  field  notes  and  that  the  latitudes  and  da>art- 
ures  of  the  other  three  sides  have  been  calcu- 
lated and  tabulated  as  follows: 


N.  LAT. 


8.  LAT. 

20 


E.  DEP. 
100 

50 


W.  DEP. 


80 


70  20  150  80 

TanBearingof  AD=.^^=|^=1.4  =  Tan  54°  30',  hence  DA=8.  54«30'W. 

Length  of  ^  D  -  ^^  -  ^7c=  =  86.0  ft.  or v^^P  +  TO*  =  86.0  ft.  (check). 


Cos  B     0.5807 

(c)  Illustration.  In  Fig.  451  (c),  let  the  broken  lines  represent  boundary 
lines,  the  lengths  and  bearincs  of  which  were  not  taken  m  the  field.  The 
transit  lines  A-B-C~D  were  mea.sured,  the  interior 
angles  were  taken,  and  each  corner  of  the  boundary- 
line  was  located  by  the  angle  and  distance.  No 
bearings  were  recorded.  Required  to  find  the 
lengths  and  bearings  of  the  boundaries  (broken 
lines).  This  problem  simply  involves  four  appli- 
cations of  the  method  of  Case  I.  Assume  a  bearing 
for  any  line  ifS  AB  and  calculate  in  the  usual  way 
the  bearings  of  the  eicjht  lines  shown  by  full  lines. 
Then  each  boundary-line  is  an  omitted  side  of  a  foup* 
sided  polygon,  and  its  length  and  bearing  can  be 
calculated.  The  bearings  of  the  four  boundary- 
lines  having  been  calculated,  the  angles  EFG,  FGH, 
OHE,  and  HEF  are  easily  found.     (Chapter  XXX.) 

If  the  lengths' of  the  boundary-lines  had  been  measured  in  the  field  they 
would  have  furnished  an  important  check  on  the  calculation  of  the  bear^ 
ings  of  the  boundary-lines. 

Remark.     This  problem  could  be  done  by  the  method  explained  on  p. 
406,  and  one  method  could  be  used  to  check  the  other. 


(d)   GENERAL  METHOD   FOR   CASES  II,   lU,   AND  IV 

When  two  sides  are  affected  by  omitted  measurements.     liet 
the  sides  AB  and  BC  be  affected  by  omitted  measurements. 

Leaving  these  two  sides  out  altogether,  the 
polygon  may  be  completed  by  a  closing  line, 
AC,  the  bearing  and  length  of  which  can  be 
calculated  by  the  method  of  Case  I.     Thif 
having  been  done,  enough  parts  of  the  tri- 
angle ABC  will  be  known  to  give  the  omitted 
parts  by  the  usual   trigonometric  methods. 
Cases  II,  III,  and  IV  can  all  be  solved  in  thia 
way.     It  is  immaterial  whether  the  deficient  sides  adjoin  or  not. 
This  wil]  become  evident  in  any  given  case  if  in  omitting  the  two 


Fio.  451  id). 
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deficient  sides  the  other  sides  are  shifted,  each  parallel  to  itself 
until  they  form  a  connected  series  of  lines. 

lUiutration.  Let  the  sides  C  and  E  in 
Fig.  451  (e)  be  affected  by  omitted  measure- 
ments. In  Fiff.  451  (/)  D  has  been  moved 
parallel  to  itself  to  the  end  of  B.  Omitting 
C  and  E  the  closing  line  is  L.  The  length 
and  bearings  of  the  three  sides  A,  B,  andD 
remain  unchanged,  and  hence  the  line  L  must 
form  a  trianf^le  with  C  and  E  as  indicated  by  yiq 
broken  lines  m  Fig.  451  (/). 

(e)  Case  II 

WHEN  THE  BEARING  OP  ONE  SIDE  AND  THE   LENGTH  OF  ANOTHER 

SIDE  ARE   OMITTED 

(1)  Find  the  length  and  bearing  of  a  closing  line.     (Case  I.) 

(2)  Find  the  angle  between  the  closing  line  and  the  side  of 
omitted  length  but  known  bearing,  using  the  bearing  found  in 
(1)  and  the  known  bearing.    (Art.  435,  p.  382.) 

(3)  Given  two  sides  of  a  triangle  and  an  angle  opposite  one 
of  them  to  find  a  side  and  either  of  two  angles.  (Formula 
in  the  back  of  the  book.) 

(4)  From  the  angles  found  in  (3)  calculate  the  omitted  bear- 
ing. 

Remark.  Two  answers  aro  possible  in  this  case.  (See  Remark,  p.  401.) 
It  is  usually  evident  in  any  given  case,  however,  which  result  correspondB 
to  the  line  of  the  survey. 

(/)  Another  method  jar  Case  II  is  to  assume  for  purposes  of 
calculation  the  side  of  unknown  length  to  be  due  north  and 
south,  the  bearing  of  the  other  sides  being  changed  to  corre- 
spond. This  eliminates  one  unknown  quantity,  i.e.,  the  de- 
parture of  the  side  assumed  as  north  and  south  becomes  zero; 
the  other  imknown  quantities  can  then  be  found  by  latitudes 
and  departures.  It  is  immaterial  whether  the  deficient  sides 
adjoin  or  not. 

(1)  Assume  the  side  of  imknown  length  to  be  a  north  and 
south  line,  and  calculate  the  bearings  of  the  other  side. 

If  the  bearings  of  the  sides  are  already  known,  the  bearing  of  the  side 
of  unknown  length  can  be  changed  temporarily  by  an  amount  (clockwise 
or  counter-clockwise)  required  to  make  it  N.  and  S.  The  bearings  of  the 
other  sides  should  then  be  changed  by  the  same  amount  and  in  the  same 
direction  (clockwise  or  counter-clockwise).     (See  Art.  434  (c),  p.  382.) 

(2)  Compute  and  tabulate  the  latitudes  and  departures  of  all 
sides  except  the  two  affected  by  omitted  measurements.  Of 
these  two  the  side  of  unknown  length  has  no  departure  since  it 
was  assumed  N.  and  S.,  hence  the  departure  of  tVva  o\\i«t  «\.^^ 
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must  be  equal  to  the  difference  of  the  sums  of  the  E.  and  W. 
departures  of  the  known  sides. 

(3)  From  the  departure  of  the  unknown  side  (foimd  in  (2)) 
and  the  length  of  that  side,  calculate  its  bearing  (Art.  449  (g) ) 
and  its  latitude  (Art.  449  (a)  or  Art.  449  (h)  ). 

(4)  Insert  in  the  table  of  (2)  the  latitude  found  in  (3)  and 
find  a  new  difference  between  the  sums  of  the  N.  and  S.  lati- 
tudes. The  difference  is  the  latitude  of  the  side  assumed  as  N. 
and  S.,  and  since  its  departure  is  zero,  the  length  and  latitude 
of  this  side  are  identical. 

(g)  Case  III 

WHEN  THE  LENGTHS  OF  TWO  SIDES  ABB  OMITTED 

(1)  Find  the  length  and  bearing  of  a  closing  line.     (Case  I.) 

(2)  Find  the  angle  between  the  closing  line  and  each  of  the 
deficient  sides,  using  the  bearing  found  in  (1)  and  each  of  the 
two  known  bearings.     (Art.  435,  p.  382.) 

(3)  Given  one  side  and  two  adjacent  angles  of  a  triangle  to 
find  the  other  two  sides  and  the  remaining  angle.  (Formula 
in  the  back  of  the  book.) 

Remark.  When  the  two  unknown  sides  are  parallel  this  case  is  indeter- 
minate unles3  the  area  is  known. 

(h)  Another  method  for  Case  III  is  to  assume  either  side  of 
unknown  length  to  be  a  north  and  south  line  and  then  to  pro- 
ceed as  in  the  second  method  of  Case  II.  (Art.  450  (/).)  The 
only  difference  is  that  in  (3)  the  length  is  required  and  the 
bearing  is  known  instead  of  vice  versa. 

(i)  Case  IV 

WHEN  THE  BEARINGS  OF  TWO  SIDES  ARE  UNKNOWN 

(1)  Find  the  length  and  bearing  of  a  closing  line.     (Case  I.) 

(2)  Given  the  lengths  of  three  sides  of  a  triangle  to  find  the 
three  angles.     (Formula  in  the  back  of  the  book.) 

(3)  From  the  angles  found  in  (2)  and  the  bearing  of  th3 
closing  line  find  the  two  omitted  bearings.     (Chapter  XXX.) 

Remark.     As  in  Case  II  there  will  be  two  answers  possible. 

452.  Simple  Trigonometrical  Methods  of  computing 
omitted  measurements  are  frequently  used  instead  of  those 
already  explained.  An  example  of  this  sort  is  shown  on  the 
opposite  page,  and  explained  in  detail  on  p.  406. 
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75  find  bearings  and  lengths  of  A  B,  BCandCD 


•\6'V>v> 


A 


dj'os' 


36'' 55' 
28 J  =  1.457862 
Cos  86''55'=  8.730688 

■f'/.54  =  0.188570 
382.00 


Si 


I 
1.457882 

Sin  9.999371 

28.66^1.457253 
30. 9(r-0ffsef  at  A 


AB=363.54 


-0''20'<- 


N30'36'£ 
AB^WWle'E 
(AB  =  Lat.  331.26 


2.24  =  0.350246 
^383.54  =  2.583810 

-0'20'=7.7a6438^an) 

Pep.  =  193. 30^ 


6.7=0.826075 
124.0  =  2.093422 

+3'05'34"'8. 732653 -"' 

N30'36'00E     (Tan)  / 

N33''4I'34'E  =  BC  =  124.18^' 
(BC=Lat.  103.31    Dep.  =68.88) 


=  0.826075 
>=  8.732028  (Sin) 
,-2.094047 


34.3=1.535294 
Cos  73° 44''9.447326 
i- 9.60  =0.982620 
III.  35 


=  1.535294 
Sin  =9.982257 
32.93=1.517551 
24.20^-OffsetatD 


120.95  8.73 

8.73  =0.941014 
120.95  =2.082606 
-4" 08' =8.858408  -' 

N30''36'E        (Tan) 

N26''28'E  =  CD= 121. 27^' 


=  0.9410/4 

=  8.857280(5//^ 

-■■2.083734 


(CD  =  Lat.  108. 54      Dep.  54. 04-) 


Fio.  452. 
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12.  ObUoue    trianifie    (three    sideft  ^veo).     Ai«a=vV«-o)(«-6)(«-c), 

where  a,  6,  and  c  are  the  sides  and  •=»  (a-rfr+e)-»-2. 

13.  06liigue  triangle  (two  sides  and  included  ani^  ^ven).     Area«*i«b  am  C 

1^.  Ana  cf  aegment  of  a  circle -=-^L  —  CX cob  ^I),  'Wfhere  B^rmdbm  ci 

carve,  C^len^th  of  chord,  and  /  =  int^section  angle  ^ee  pu  204), 
and  L^leagth.  oi  arc 

Approodmate  formulas  for  area  of  segments:    A='%MC''j^,  where 

Jfanuddle  ordmate«^  (approximately). 

15.  ilrwi  between  tangents  and  curve=R\T—^f,  where  fi^radius,  L— 
length  of  arc,  and  T'-loigth  of  tangents  (see  p.  204). 

456.  General  Methods  of  Finding  Areas.     (1)  From  a 

map  by  scaling  and  computing,  or  by  the  use  of  the  phmimeter. 
(2)  By  computations  made  directly  from  the  field  notes  with- 
out the  use  of  a  map.  The  first  method  is  generally  the  quicker, 
the  second  method  the  more  accurate. 

457.  Obtaining  the  Area  from  a  Map.  (a)  The  area  is 
subdivided  into  geometrical  figures,  such  as  triangles,  rectan- 
gles, squares,  trapezoids,  etc.,  and  the  quantities  necessary  for 
computing  the  areas  of  these  different  figures,  such  as  lengths 
of  bases  and  altitudes,  are  scaled  from  the  m^^. 

(&)  Two  sets  of  lines  drawn  at  right  angles  to  each  other 
across  the  map  divide  it  into  squares  of  any  desired  size,  say 
100  ft.  squares  to  the  scale  of  the  map.  The  number  of  squares 
which  f^  completely  within  the  boundaries  gives  part  of  the 
area  at  once.  The  fractional  areas  inside  of  the  boundaries, 
formed  by  the  boundary  lines  cutting  through  squares,  are 
usually  triangles  and  trapezoids,  the  areas  of  which  are  found 
as  in  (a)  and  added  to  the  area  found  by  coimting  the  num- 
ber of  whole  squares.     (S3e  trapezoidal  rule,  p.  411.) 


Rem4%rk.  It  is  usually  more  convenient  to  keep  pieces  of  traeiiigHdoth 
upon  which  squares  have  been  drawn  to  the  scales  commonly  used  in 

fyfotting,  and  to  lay  the  cloth  over  the  map  instead  of  drawing  pajtUlel 
ines.     Another  method  is  to  plot  the  boundaries  on  cross-section  paper. 

Both  of  these  methods  are  extensively  used  as  rough  chedu  on  com- 
puted areas. 

(c)  The  planimeter  is  a  mechanical  integrator  and  is  used 
by  engineers  for  ascertaining  the  area  of  any  figure  which  has 
been  plotted.  The  following  directions  for  the  use  of  the  polar 
planimeter  may  be  modified  to  apply  to  other  forms  also. 

1.  Remove  the  instrument  from  the  case;  if  it  has  settings 
for  different  units,  as  sq.  in.,  sq.  ft.,  sq.  cm.,  make  this  adjust- 
ment first  by  sliding  the  bar  to  the  unit  wanted,  then  fasten 
securely  by  the  set-screw. 

Place  the  tracing-point  anywhere  in  the  perimeter  and 
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Ik  this  chapter  are  explained  the  methods  of  obtaining  areas  from  field 
notes  and  from  maps,  including  the  geometrical  and  trigonometrical 
methods,  the  method  of  latitudes  and  departures,  the  method  of  coordi- 
nates and  the  mechanical  (planimeter)  method. 


453«  The  Area  of  Land  in  plane  surveying  means  the  area 
as  projected  on  a  horizontal  plane.     (See  Art.  5,  p.  2.) 

454.  Units  of  Area.  Areas  in  surveying  are  usually  given 
in  square  feet  or  in  acres:  1  acre  =  43  560  sq.  ft.  =  10  sq.  chains  =» 
10X66*  sq.  ft.     (Seep.  3.) 


8q.  Miles 
1 


Acres 

640 
1 


Sq.  Rods 

102  400 
160 


1  Sq.  Ft. 
1  Sq.  Yd. 
1  Acre 


0.0929  Sq.  Meters 
=  0.8361  Sq.  Meters 
=  0.4047  Hectares 


Sq.  Yards 

3  097  GOO 
4  840 
30.25 
1 

1  Sq.  Meter 
1  Sq.  Meter 
1  Hectare 


Sq.  Feet 

27  878  400 
43  560 
272.26 
9 

-10.7639  Sq.  Ft. 
-   1.1960  Sq.  Yds. 
2  4710  Acres 


1  Sq.  Mile « 2.5899  Sq.  Kilometers         1  Sq.  KUometer- 0.3861  Sq.  Miles 
In  Spanish  measure  1  acre  =  5650  sq.  varas,  more  or  less.    .(See  page  3.) 

455.    Geometrical     and     Trigonometrical     Principles. 

The  following  formulas  are  for  areas: 

GEOMETRICAL 

1.  Triangle  ==  base  X  half  perpendicular  hei^t. 

2.  /'aroWeZo^rom  =  base  X  perpendicular  height. 

3.  Trapezoid  =  ]ia\i  the  sum  of  the  parallel  sides  X  perpendicular  height. 

4.  Trapezium,  found  by  dividing  into  two  triangles. 

6.  Regular  polygon  =  length  of  perimeter  X  half  perpendicular  distance  from 
center  to  sides. 

6.  Circle  =  diameter  squared  X  0.7854  =  diameter  squared  X  \n. 

7.  Sector  of  circZc  =  length  of  arc  X  half  radius. 

8.  Seqment  of  circle  =  a.Tea,  of  sector  minus  area  of  triangle. 

9.  Ellipse  =  major  axis  X  minor  axis  X  0.7854. 

10.  Parabola '^'h&aeXi  height  or  i  area  of  circumscribed  rectangle. 

Trigonometrical 


11.  Right  triangles. 

Given 

Hypothenuse  and  acute  angle 
Angle  and  opposite  side 
Angle  and  adjacent  side 

Hypothenuse  and  another  side 
Two  sides  about  right  angle 


Area 

(c2  8in2B)-H4 
(62  cot  B)-i-2 
(62  tan  A) -H  2 

iay/(c  +  a)(c-a)y 
ab  +  2 
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12.  Oblioue    triangle    (three    sidea   given).     Area '^^ais- a) (« — 6) (« - c), 

where  a,  6,  and  c  are  the  sides  and  «=»(a+6+c)-»-2. 

13.  Oblique  triangle  (two  sides  and  included  angle  given).     Area—iob  sin  C 

1^.  Arco  of  segment  of  a  circle'=-^(L  —  CXcoaiD,  where  /2= radius  of 

curve,  C  =  length  of  chord,  and  /  =  intersection  angle  (see  p.  204), 
and  L  =  length  of  arc. 

Approximate  formulas  for  area  of  segments:    A  —  iMC^T^r^,  where 

M  «*  middle  ordinate  «  ^  (approximately) . 

15.  Area  between  tangents  and  curve='RyT—-^J,  where  72= radius,  L  — 
length  of  arc,  and  7  ■»  length  of  tangents  (see  p.  204). 

456.  General  Methods  of  Finding  Areas.  (1)  From  a 
map  by  scaling  and  computing,  or  by  the  use  of  the  planimeter. 
(2)  By  computations  made  directly  from  the  field  notes  with- 
out the  use  of  a  map.  The  first  method  is  generally  the  quicker, 
the  second  method  the  more  accurate. 

457.  Obtaining  the  Area  from  a  Map.  (a)  The  area  is 
subdivided  into  geometrical  figures,  such  as  triangles,  rectan- 
gles, squares,  trapezoids,  etc.,  and  the  quantities  necessary  for 
computing  the  areas  of  these  different  figures,  such  as  lengths 
of  bases  and  altitudes,  are  scaled  from  the  map. 

(6)  Two  sets  of  lines  drawn  at  right  angles  to  each  other 
across  the  map  divide  it  into  squares  of  any  desired  size,  say 
100  ft.  squares  to  the  scale  of  the  map.  The  number  of  squares 
which  fall  completely  within  the  boundaries  gives  part  of  the 
area  at  once.  The  fractional  areas  inside  of  the  boimdaries, 
formed  by  the  boundary  lines  cutting  through  squares,  are 
usually  triangles  and  trapezoids,  the  areas  of  which  are  found 
as  in  (a)  and  added  to  the  area  found  by  coimting  the  num- 
ber of  whole  squares.     (S3e  trapezoidal  rule,  p.  411.) 


Remark,     It  is  usually  more  convenient  to  keep  pieces  of  traoing-oloth 

alei 

I  of  drawing 

paper. 


upon  which  squares  have  been  drawn  to  the  scales  commonly  used  in 


upon  wnicn  squares  nave  oeen  arawn  vo  ine  scaies  commonly  usea  m 

fyfotting,  and  to  lay  the  cloth  over  the  map  instead  of  drawing  parallel 
ines.     Another  method  is  to  plot  the  boundaries  on  cross-section  paper. 

Both  of  these  methods  are  extensively  used  as  rough  checlu  on  com- 
puted areas. 

(c)  The  planimeter  is  a  mechanical  integrator  and  is  used 
by  engineers  for  ascertaining  the  area  of  any  figure  which  has 
been  plotted.  The  following  directions  for  the  use  of  the  polar 
planimeter  may  be  modified  to  apply  to  other  forms  also. 

1.  Remove  the  instrument  from  the  case;    if  it  has  settings 
for  different  units,  as  sq.  in.,  sq.  ft.,  sq.  cm.,  make  this  adjust- 
ment first  by  sliding  the  bar  to  the  unit  wanted,  then  fasten 
securely  by  the  set-screw. 
J?.  Place  the  tracing-point  anywhere  in  the  perimeter  and 
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press  it  into  the  paper  hard  enough  to  make  a  alight  indentatum 
to  show  definitely  the  starting-point. 

3.  Set  the  pole,  or  fixed  needle-point,  in  such  a  position  with 
reference  to  the  area  to  be  measured  that  the  tracing-point 
can  reach  the  whole  boundary  without  difficulty. 

4.  Read  the  graduated  wheel  when  the  tracing-point  is  in 
the  initial  position,  making  use  of  the  vernier,  and  set  down 
the  number. 

5.  Guide  the  tracing-point  by  hand  around  the  area  to  be 
measured  in  a  clockwise  direction,  and  stop  exactly  at  the 
starting-point. 

6.  Read  the  graduated  wheel  again  and  set  down  the  result 
over  the  figures  found  at  the  beginning. 

7.  Subtract  the  initial  reading  from  the  final  reading  and 
the  result  is  the  area  desired.     (For  exception  see  step  8.) 

8.  If  the  fixed  point  (see  direction  3)  was  placed  within  the 
boundary,  which  *is  necessary  only  in  large  areas,  then  to  the 
reading  by  the  wheel  as  found  under  step  7  must  be  added 
the  constant  engraved  on  the  back  of  the  instrument,  directly 
opposite  the  mark  showing  the  units.  Then  the  sum  of  this 
constant  and  the  reading  found  by  the  wheel  is  the  true  area. 

(d)  Practical  suggestions.  Step  1,  Some  instruments  read 
only  in  one  unit:  square  inches;  then  no  adjustment  is  required. 

Step  3,  Some  planimeters  have  a  metal  block  resting  on  the 
paper,  into  the  top  of  which  the  fixed  point  is  set.  Then  the 
block  is  held  by  its  own  weight,  and  no  needle-mark  is  made 
in  the  paper.  Before  starting  to  measure  the  area  it  is  well 
to  make  a  rough  preliminary  excursion  of  the  tracing'point 
over  the  area  to  see  that  all  points  of  the  boundary  can  be 
reached. 

Step  jf..  It  is  often  convenient  to  set  the  wheei  at  zero  before 
starting.  This  can  be  doiie  conveniently  by  shifting  the  pole  or 
needle-point  until  the  reading  is  zero,  and  thus  step  4  is  avoided. 

Step  6.  In  case  the  area  has  a  loop,  or  negative  portion, 
start  in  a  clockwise  direction  over  the  main  area,  then  the 
loop  or  negative  part  will  be  traced  in  a  counter-clockwise 
direction  and  the  instrument  gives  the  difference  or  net  area. 

Step  6,  If  the  final  reading  is  less  than  the  initial,  it  usually 
indicates  that  the  perimeter  has  been  traced  in  the  negative 
(counter-clockwise)  direction. 

Step  8.  If    the   reading   given   by  the  wheel    is   backward 
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when  the  tracing-point  moves  clockwise,  call  this  reading  n^a. 
tive  and  subtract  it  from  the  constant  instead  of  adding. 

General  direction.  Try  the  instrument  first  by  measuring  a 
circle,  a  hexagon,  or  a  square  of  known  area,  to  test  its  accu- 
racy. By  making  several  such  tests  of  different  known  areaS|  a 
correction  constant  per  unit  of  area  may  be  determined.  If 
there  has  been  any  shrinkage  or  expansion  of  the  paper  since 
the  map  was  plotted  the  trial  square  or  circle  should  be  drawn 
to  agree  with  the  slightly  changed  scale  of  the  map. 

458.  Computing  Areas  Directly  from  Field  Measure- 
ments, (a)  The  simplest  cases  are  those  in  which^the  area 
required  is  of  some  plane  figure  which  can  be  divided  into  sim- 
ple figures  of  known  dimensions. 

(a)  JUuatratioru    In  the  chain  survey  shown  in  Fig.  458  and  described 

on  p.  56,  the  lengths  of  the  four  fence- 
lines  and  of  the  four  broken  lines  were 
measured.  Hence  the  three  sides  €€  each 
triangle  are  known,  and  the  area  ol.<eaeh 
can  be  found  from  Formula  12,  p.  408. 

(6)  IlluUration.  Suppose  that  in  the 
above  survey  a  transit  was  set  up  at  S, 
the  angles  between  the  br  ken  iLies 
taken,  and  the  length  of  each  broken 
line  measured.  Then  in  each  triangle  two 
sides  and  the  included  angle  would  be 
known  and  the  area  could  be  lound  from 
Formula  13.  p.  408. 

(c)  lUuatrati  n.  Suppose  that  in  the 
above  survey  the  lengths  of  the  fence- 
lines  and  the  angle  at  each  comer  had 
been  measured  but  not  the  broken  lines, 
the  method  of  calculation  would  be: 

(1)  Divide  the  polygon  into  two  triangles  by  a  diagonal. 

(2)  Find  the  length  of  this  diagonal  from  the  two  sides  and  included 
ani^e  of  one  triangle  and  check  it  by  solving  the  other  triangle. 

(3)  The  three  sides  of  each  triangle  are  now  known  and  the  area  of 
each  can  be  found  from  Formula  12,  p.  408. 

Cheek,    Divide  the  polygon  into  two  different  triangles  by  the  other 
diagonal  and  find  the  area  of  each  of  these  trian^es  as  before. 

Remark.    Usually  the  transit  lines  do  not  oomcide  with  the  fence-lines. 
This  case  will  be  discussed  on  p.  418. 

id)  Another  method.  In- 
stoEul  of  solvmg  the  oblique 
triangles  the  poly^n  may 
be  divided  into  right  tri- 
angles. Draw  one  diagonal 
as  AC,  Fig.  458  (d),  and 
from  each  end  drop  a  per- 
pendicular to  one  side. 
These  perpendiculars,  Aa 
and  Cc,  are  easily  calcu- 
lated from  the  right  tri- 
angles, and  each  is  the 
altitude  of  one  of  the  two 
triangles  into  which  the 
quadrilateral  is  divided, 
thus: 

AD  BinADa  =  Aa 
CB  BinCPc^Cc 


Fio.  458. 


FiQ.  458  (d). 


Fio.  458  («). 


and 
and 


AoXDC^area  of  ADC. 
Cc XAB=area  of  ABQ^ 
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The  work  may  be  cheeked  by  drawhijf  the  other  diagonal  B7>  Fig.  458  («), 
dropping  the  perpendioulars  Bb  and  Dd  and  proceeding  as  before. 

(e)  Curved  boundary.  Suppose  that  in  Fig.  458  the  lower  left-hand 
comer  were  rounded  by  an  arc  of  a  circle  and  the  points  of  tanjcency  were 
known.  A  chord  drawn  between  these  points  of  tan^ncy  would  form 
with  the  other  sides  an  irregular  polygon,  the  area  of  which  could  b^  found 
as  in  the  preceding  illustration.  To  th^  area  must  be  added  the  iirea  of 
the  segment  between  the  chord  and  the  arc.  If  the  length  of  the  chord 
and  the  middle  ordinate  are  known,  the  approximate  area  is  f  AfC  (see 
p.  408).  If  the  length  of  the  arc  and  its  radius  is  known,  use  Formula  8, 
p.  407.    If  the  intersection  angle,  etc.,  is  known,  use  Formula  14,  p.  408. 

459.  Areas  from  Offsets.  There  are  two  cases:  (1)  when 
the  offsets  are  taken  at  regular  intervals,  and  (2)  when  they 
are  taken  at  irregular  intervals.  It  is  assumed  that  in  both 
cases  offsets  are  measured  from  a  straight  base-line. 

(o)  Offsets  at  regular  intervals.  There  are  several  formulas 
designed  to  shorten  the  work  of  calculating  each  trapezoid  sepa 


ao 


20 


20         3         20 
Fio.  459  (a^. 


20 


20       6 


rately.  In  Fig.  459  (a)  the  first  offset  is  numbered  0  and  the 
other  offsets  1,  2,  3,  etc., .  •  •  6.  Let  a  and  b  be  the  end  offsets 
at  0  and  6  respectively,  and  ^j,  y2,  ya, . . .  y^  the  intermediate 
offsets,  d  the  common  distance  between  offsets  and  8  the 
Bum  of  the  intermediate  offsets  y^,  ^2,  ysi  etc., . . .  yg. 

Trapezoidal  Rule:  .Aiea,^—(fl+2S-{'h) I 

20 
1740  sq.  ft.  =^(18+148+8). 

This  rule  obviously  is  based  on  the  assumption  that  the  figures 
are  trapezoids.    It  holds  good  for  any  number  of  offsets,  and 
gives  results  accurate  enough  for  ordinary  purposes. 
Another  form  of  the  trapezoidal  rule  is 

Area=di'A II 

in  which  2h  is  the  sum  of  the  middle  ordinates  ^j,  ^2»  ^a,  etc., 
...  /if|. 

1740  sq.  ft.  =  20 X  (16.5+ 12.5+ 13+ 15+ 16.5+ 13.5). 

Formulas  I  and  II  are  used  not  onljr  in  computing  areas  from 
field  measurements,  but  also  in  obtaining  areas  durectly  firom 
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the  map,  the  offsets  or  the  middle  ordinates,  Ti^hicnever  are 
used,  being  scaled  at  regular  intervals. 

(]b)  Formulas  for  curved  boundariea.    When  the  boundary-line  betwem 
two  offsets  is  curved  the  aasumption  that  the  figure  is  a  trapeaoid  may 

E've  an  area  too  large  or  too  small,  according  to  whether  the  boundary- 
le  curves  away  from  or  towards  the  base-line.  If  the  curve  departs  very 
much  from  a  straight  line  more  accurate  results  may  be  obtained  by  eithv 
of  the  following  formulas  than  by  the  trapezoidal  rule. 

Ponedef  8  RuXe,    Let  A««  the  last  middle  ordinate. 

Area  -rfJA+4(o-^+6-^) HI 


12' 


20. 


1733  sq.  ft.-20X87+ ^^(18-16.5+8-13.6). 
Francke*8  Rule: 
Area  -rfJA+^(8a+A2-9Ai+86+A»-i-9W IV 

1730.8  sq.  ft.=20X87+|^(8X18+12.5-9X16.5+8X8+16.5-9X13.6). 

Remark.  Formula  IV  is  more  accurate  than  III;  either  is  more  ccj- 
venient  to  use  and  generally  gives  better  results  than  Simpaon'a  Rule,* 
which  is  sometimes  used  for  the  same  purpose. 

(c)  Offsets  at  irregular  intervals.  The  most  obvious  method 
is  to  find  the  area  of  each  trapezoid  separately  by  multiplying 
its  base  by  its  middle  ordinate.  Thus  in  Fig.  469  (c)  the  total 
area  is: 

8530  sq.  ft.-50Xi(40+30)+40Xi(30+36) 

+  C0Xi(36+44)+30Xi(44+28)+G0Xi(28+38). 

A  second  method  is  a  special  case  of  the  coordinate  method 
given  on  p.  418. 
1 
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Fig.  459  (c). 

Formula  II,  on  page  418,  may  be  arranged  for  convenience  as 
shown  below.     The  area  is  equal  to  the  sum  of  the  products  of 


♦  Derived  on  p.  690,  JohnsoL   .  book  on  Surveying. 
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the  quantities  joined  by  full  lines  minus  the  sum  of  the  prod* 
ucts  of  the  quantities  joined  by  broken  lines.  From  Fig.  459  (c) 
it  is  evident  that  a^j,  x^,  y^,  and  y^  are  all  zero  and  that  Xj'^x^, 
btoice  the  last  two  terms  do  not  affect  the  resalt. 


f( 


}  (2000 + 2700 + 5400 + 7920 + 6720 

+9120-1800-3960-4200-6840) 
Area=§(170G0)-8530. 

Remark.  If  at  any  point  the  irregular  line  turns  back  upon  itself,  as, 
for  example,  if  x^  were  less  than  xa,  the  method  still  holds  good,  the  alge- 
braic signs  indicating  the  additional  area  to  be  subtracted. 

Another  convenient  form  is  to  place  the  ordinates  of  the  comers 
in  determinant  array.  Rule:  Multiply  diagonally  from  left  to 
right  J  and  consider  a  downward  diagonal  plus,  upward  minus,  or 
vice  versa.    Divide  the  algebraic  sum  of  all  the  products  by  two. 

Illustration.  Taking  the  example  on  p.  417  for  illustfation,  and  as- 
suming I>  as  an  origin,  the  coordinated  of  the  corners  and^che  computationa 
arc  as  follows; 


Station 

V 

X 

Downward  (+) 

UpwarrI  (  — ) 

D 

0 

0 

E 

+  10 

+  14 

OXli-         0 

lOX  0  -         0 

A 

-14 

+  24 

10X24= +240 

-(-14X14)  =  +  196 
-(     16X24)- -384 
-(     22X36)  =  -792 

B 

+  16 

+36 

-14X36= -504 

C 

+  22 

+  16 

16X16^+256 

D 

0 

0 

22X   0=          0 

0X16  «         0 

—  8  —980 

[  -  8  +  (  -  980)]  4  2=-  494  sq.  ft.     Answer. 

Remark.  The  minus  sign  in  the  above  answer  ngnifies  that  the  area  wa» 
obtained  by  taking  the  comers  around  the  field  clockwise;  if  taken  counter- 
clockwise the  area  would  be  the  same,  but  with  a  plus  sign. 

"When  total  latitudes  and  departures  have  been  found  for  plotting,  this 
method  is  very  convenient.  It  is  e<iually  applirablo,  of  course,  to  an 
example  like  that  of  Fig.  459  (c). 

460.  Computation  of  Areas  from  Latitudes  and  Double 
Longitudes.  This  method  is  the  one  most  often  used  for 
computing  the  area  of  a  closed  traverse.  When  the  latitudes 
and  departures  of  the  traverse  lines  have  been  computed  for 
purposes  of  plotting,  very  little  additional  labor  is  required  in 
finding  the  area.  The  method  is  a  simple  one,  though  consid- 
erable space  is  required  to  explain  it  clearly  in  detail.  Several 
definitions  will  be  given  first. 
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(a)  Refbrenci:  meridian.  The  north  and  south  line  throned 
the  most  westerly  station  of  a  survey. 

Remark.  This  is  the  sense  in  which  the  term  is  usually  undentood  Inl 
the  calculation  of  areas.  It  is  not  essential,  however,  to  assume  the  vet€P-l 
ence  meridian  through  the  most  wenterly  station;  it  ma>r  pass  throui^  anyl 
station  provided  proper  account  is  taken  of  idgebraio  signs.  It  is  UBuattyl 
assumed  through  the  most  westerly  station  in  order  to  simplif:^  matterel 
and  avoid  mistakes.  (See  p.  472,  for  method  of  determining  wmeh  is  the 
most  westerly  station.) 

(6)  The  first  and  last  courses  of  every  polygon  are  the 
two  courses  which  meet  at  the  most  westerly  station.  The 
first  course  is  that  one  for  which  the  given  bearing  is  easterly ^ 
the  last  course  is  that  for  which  the  bearing  is  westerly ,  it  being 
understood  that  the  given  bearings  are  all  forward  beaxinga 

(See    p.    112.)     To    determine    the    most* 

westerly  station  (see  p.  472). 

Ittustration.  In  Fig.  460  (6),  let  F  be  the  moel: 
westerly  station,  then  HK  is  the  ^rsf  course  axtt 
GH  the  last  course,  provided  the  bearings  indicated 
on  the  figure  were  those  used  in  calculating  the 
latitudes  and  departures.  If,  however,  the  oppomim 
bearings  were  used  KH'^N.W.  and  iETO ■=«.£., 
then  HG  would  be  the  first  course  and  KH  the  lasfe 
Fio.  460  (6).  course.     Note  that  thi  two  courses  can  never  both  b9 

easterly,  or  both  westerly, 

(c)  The  longitude  of  a  course  is  the  distance  from  the 
r.iiddle  point  of  the  course  to  the  reference  meridian,  measured 
at  right  angles  to  the  meridian. 

lUuslratum.    In  Fig.  460  (c)  Li  is  the  longitude  of  AB,  Lg  of  BC,  Lg  Of 
CD,  and  L4  of  DA. 

The  hmgttude  of  any  course  is  equal  to  the  longitude  of  the  pre- 
ceding  course  plus  half  the  departure  of  the  preceding  course  plvA  \ 
half  the  departure  of  the  course  itself. 

For  the  first  course  there  is  no  preceding  course,  so  that  tb    . 
first  two  terms  are  zero  and  the  longitude  of  the  first  course  is 
therefore  half  its  departure.    In  applying  the  rule,  east  depart- 
ures must  be  given  plus  signs  and  west  departvu^s  minus  signs. 

lUuetration.    The  correctness  of  the  rul3  just  given  will  become  evidcr'  * 
Erom  inspection  of  Fig.  460  (c). 

Longitude         Long,  of     .  J  Dep.  of  .  J  Dep.  of  .   . 

of  Course           Preced.     "*"       Preced.  Course  itself  •    '•  K 

Li  of  /IB  -     0  of  0      +       0  of  0  +  c  of  AB 

La  of  EC  -  Li  of  AB   +       c  of  AB  +  6  of  BC 

LsolCD  -   L2  of  EC    +       6  of  BC  +  -c  of  CD 

L^olDE  "  LaoiCD   +  -cot CD  +  -doiDF 

Notice  that  e  and  d  both  have  minus  signs. 


i 
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any  survey  an  east  imd  west  line  ia 


L3^Ls*b*f-cf 


iXNBRAL  UETHC 
NOITUDBS.      If    i 

from  each  etat 
rence  meridian,  trian- 
d  trapezoids  will  be 
.    One   iide   of    each 
(or   trapezoid)   will 

course  of  the  survey, 
e  of  the  triangle  (or 
id)  vi]ihe  the  latUvde 
course,  and  the  mean 
r  aUUude  of  the  trian- 
trapezoid)  will  be  the 

e  of  that  line.    The  ,       ,     -     , 

,ach  triangle  (or trap-  Ls''L'*->tb 

therefore,  wiU  be  the  ^°'  *"  W- 

o/  iome  course  multiplied  by  Ike  longitude  of  ike  tame 

Ci'hus  the  area  oi  FBCG  ia  t,Xl^- Latitude  of  BC^X. 

de  of  BC.)    'I'he  areas  ot  all  the  trapezoids  and  trian- 

B  found  in  any  survey  are  not  to  be  added  together  to 

total  area,  for  each  trapezoid,  as  FBCG,  includes  area 
B  not  within  the  boundaries  of  the  wirvey,  while  the 
:aeh  triangle  may  be  wholiy  outside  ot  those  boundaries. 
3ver,  all  areas  found  from  north  latitudes  (called  north 
5)  are  added,  and  all  areas  found  from  south  latitudes 
products)  are  added,  the  difference  of  these  two  sums 
^he  required  area. 


tim.     The  area  of  ABCD  in  Fig.  460  (c)  may  bs  fouad  u  foUom: 

JHTB   PbODUOT  SoDTH   PrODUOT 

Latitude X  Loneituda  Area  —Latitude  X  Lonntude 

h  oiBC  X.  U  of  BC  FAB  -  I,  ot  AB  X  L,  olAB 

is  of  CD  X  i-i  ol  CD  EDA  -  I*  ot  0-4  X  Lt  of  DA 


If  the  longitude  of  any  course  is 
■om  the  longitude  of  the  preceding  course  by  the  method 
160  (c),  it  ia  necessary  to  use  half  departures.  As  whole 
res  and  not  half  departures  are  usually  given  in  the 
•A  form  for  latitudes  and  departures  (see  p.  474).  it  ia 


416  CALCULATION  OF  AREAS 

more  oonvenient  to  multiply  each  latitude  by  twice  the  loc 
tUilo  (doublo  loiiKitudo)  and  divide  the  final  result  by  two. 

To  find  a  double  lonjitude  of  any  course  C  from  tkit  ionfifi 
of  any  prtctdintj  i\nir;fe  P. 

IXniblo  rA>iigitudo  of  C«TX>uble  Longitude  of 
of  i*+  IVparturo  of  (7.  In  the  case  of  the  first  courae 
no  piXHwling  i\>urse;  the  first  two  terms  disappear  and  i 
doublo  U^n^itxido  of  the  fir^t  coun^e  equals  its  departure.  1 
douMo  knvgitudo  of  the  ItMt  course  also  equals  its  departn 
Init  thiii»  fact  is  lusod  siin^^^ly  as  a  check. 

(f)   HVTUfS9   rOR  OOMPmXG  ARELVS  BT  iCETHOD  OF  ULTmTD 

I.  Cvm\(nite  axid  tabulate  the  latitudes  and  di^iartures  in  1 
u$ual  tuanuer. 

'«.  Avtd  thrtv  colutuns  to  the  table,  headed  rciipectiii 
t\*tU>Ct.i  l.oivjcicib.U'!>.  Xorth  IVKiucts.  S^nirh  Products. 

;?.  Vs».vrtaiti  which  ;?ratioci  is  f  vrthff:t  tveatj.  and  wiuc&  of  i 
two  Uuec«  i*rv>ai  this  station  is  the  x-^  aml      (See  po.  414  a 

4.  Coin^^lcte  the  double  lon^tude  or  each  course  by 
tv^  I  ho  double  kuv^tude  of  the  prev>?dinfl:  coiins?  !jhe 


^  ChiLvk  :be  double  joarituiies  by  rhe  face  rhar  -rae  ocii? 
U,»airc-ai.w  ot  who  1j^  cocns?  is  e».;;jil  :o  the  deparrure  oc  t 

6.  V-.u?JiL*ty  rshae  !ii::-;n.*e  oc  ■*a«.'h  cciirw  *?y  ohe  v^icr-ssivadn 
».K.*ubie  '.or^.r;5Ltfc* :  .:*  "ie  lacirunie  -^  -iK/rrh  yuc  :iiif  ^fsuit  jl  sJ 
cv*tUfi»t»   "Vvkitvl   V\-rii  l^'^xr  :«.ts.  'n:-  i:   The  lariruiit*   aj  jum 

r.    Vlvi    :r    -v  -or*-!!  vf^.'iiicr^.  j^iii  'IP  'he  ;»iirii  ^iTAunct 

It  :h».'  itr*>'.nie»  ind  iecamir«?s  .»?  in  ^«t;.  is  iu  '.oiaai^  d 
vTsfciv.  rch*  ^-siii"  ■^•11  Sft  'ji  sqtiar;  wr.  7?  rtsducw  "ij  ;aaB 
Jr%*do  >y  W'  3vV,  ?r  3ii:>:riT  *-r  -.-0.'C229«)5i. 

S.  r*  i-  M^;^  ,'».'iv,r»i'v».i  JJL  i-?*a  rv  ^e  "netacd  n  *^sctixtiifiw  so 
AH:en*  A*itji»i -jLii'-^  .u  va /^  .■•i»"..tc  "ire  "«*-;;i"  '•Jinruy  ^v-  nt^mc  i 
.a«»  "S;*:**!  "«.'•■  *r  ,'r  ^^^^  ':i»*  r^:niic  Tierfit'd  .*^  j.  ^4IS\  ^ 
r'v*i^'  K"».-': -:*.  V*  .'aeek  s  -hs"^:.  ^rp*ear  "iie  \nrs.  vrtii  a*»  sun 
Mc>^ V r V  >; :*. .  :o it  js  i:!  .* i"Tr "   '^  ^-^  i-^* --  ^  ! e^v  sjr     i   vv ■  rr 1 1 n are 

;ttt  jiH*.^      ^<W  ^.-.  -;:.•.   '    wy         ■:-'«*    •>■   e*  fton-ixr*;   •'.•  itzx;fticmw 


CALCULATION  OP  AREAS 


'vunta  of  error:  Starting 
ti  tbe  wrone  line  for  a  first 
■■;  adding  oeparturea  in- 
kd  of  subtracting  when 
f  are  ufest;  entering  north 
ducts  in  the  coli —  '"- 
th  productB  or  vie 
eiting  to  divide  lh«  fiwil 
iuct  by  two. 
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..     In  the  illuatmtion  the  work  practically  amouata  to  mbtiact- 

inathe  mm  of  the  areoa  MCD  and  FEAH  ham  the  Bum  of  tlie  ami 
iiCBO,  QBAR.  and  FED.  Vfby.  from  inapectian  ot  ttia  flnra,  dunU 
FED  be  included  ia  the  latter  sutnl 

AToM.     For  more  practical  examples  in  areas,  see  pp.  125  and  127. 

461.  To  Compute  Areas  from   Coordinates.     This  is 
Biiqply  a  more  general  case  of  the  methcd  of  computing  arette 
from   latitudes   and   double  longi- 
tudes.   In  Fig.  461  let  1-2-3-4  be 
regular  polygon,  the  cotodi- 
natea  of  the  corners  with  i-espect  to 
two  coordinate  axes  being  known 
and  represented  by  a:,,  x,,  n,  x„ 
and  1/if  y-i,  y>,  and  y,.      . 
The  area  of  the  polygon  ia  equal 
'  to  the  sum  of  the   areas  of  two 
trapezoids  minus  the  sum  of  the 
mo.  461.  ^^^g  g£  j„^  others,  Le., 

— -l»<Aiea  l'-X-2-2')+  (Area  y-i-B-S') 

-  (Area  3'-3-i-4')  -  (Area  4'-4-l-l'); 

A-^ib/iXi+yHt+yitf+y^Xi-ijiiXt+j/^i+y^s-i-y^t)!-  .  .  11 
1     Theae  two  equations  may  be  expressed  as  follows: 

Rule  I.  Multiply  the  ordinale  of  each  comer  hy  {he  differenee 
between  the  absdesas  o/  the  two  adjacent  corners,  always  subtract- 
ing the  /oUowirtg  abscissa  from  the  preceding  abscissa.     The  area 

.    i»  one  half  the  sum  of  the  products. 

I  Rule  II.  Mvltiply  the  ordinate  of  each  earner  by  the  abscissa 
of  tAe  next  comer  and  mnt  the  products.  Mtdtipty  the  ordinate 
of  each  corner  by  the  abscissa  of  the  preceding  comer  and  sum  lh» 
products.     One  half  the  difference  of  the  two  sums  is  the  area. 


jl  ia  CODVeniHQt  to  arrsDEe  tha  ordinal™  and  abacissaa  S9  snawn  on  p.  113. 

462.  Summary  of  the  Differeat  Methods  of  Computing 

Irregular  Areas.  The  most  general  case  likely  to  arise  in 
practice  may  be  stated  as  follows:  Boundary-lines  are  irregular; 
tisvem  lines  do  not  coincide  with  boundary-lines;  boundari^ 
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located  from  the  traverse  lines  by  offsets  taken  at  every  point 
of  abrupt  change  and  near  enough  together  so  that  the  boundary 
between  two  successive  offsets  may  be  considered  straight. 

The  hnes  bounding  the  area  to  be  computed  form  a  polygon; 
in  the  perimeter  are  included  not  only  any  straight  boundary* 
lines  which  may  exist,  but  also  the  series  of  strai^t  Hues  wmcn 
lie  between  offsets  and  which  follow  approximately  irregular 
boundaries  such  as  winding  roads  and  streams.  To  distinguish 
this  polygon  from  that  formed  by  traverse  lines,  it  will  be 
referred  to  as  the  boundary  polygon. 

(a)  First  method.  (1)  Compute  the  length  and  bearing  of 
every  line  in  the  boundary  polygon.  (See  practical  illustration, 
p.  405.)  (2)  Compute  and  tabulate  the  latitudes  and  de- 
partures for  all  the  lines  in  the  boundary  polygon  (p.  389). 
If  the  error  of  closure  is  small  the  work  in  (1 )  is  probably  cor- 
rect. (3)  Find  the  area  within  the  boundary  polygon  by  the 
method  of  latitudes  and  double  longitudes. 

Remark.  The  length  and  bearing  of  each  side  in  step  (1)  may  be  found 
in  two  ways:  (1)  If  the  boundary  lines  are  irregular  the  method  explained 
on  p.  405  is  preferable.  (2)  If,  however,  the  boundary  line  is  straight 
and  corresponds  to  the  omitted  side  of  a  polygon  the  method  of  Case  I, 
p.  402,  may  be  used  although  the  first  applies  equally  well. 

(6)  Sec&nd  method,  (I)  Compute  the  area  within  the  poly- 
gon formed  by  the  traverse  lines  by  latitudes  and  double  longi- 
tudes (p.  416).  (2)  Compute  the  areas  of  the  triangles,  trape- 
zoids, etc.,  which  lie  between  the  traverse  lines  and  the  boundary- 
lines.  (3)  Add  to  the  area  found  in  (1)  any  area  found  in  (2) 
which  lies  within  the  boundary  polygon  and  subtract  any 
area  found  in  (2)  which  lies  outside. 

(c)  Remark.  In  step  (2)  the  area  between  any  traverse  line  and  an 
irregular  boundary  may  often  be  computed  by  the  trapezoid  rule  (p.  411) 
or  by  one  of  the  rules  on  p.  412.  In  the  case,  however,  of  the  area  be- 
tween a  traverse  line  and  a  etraiyht  boundary-line  the  method  explained 
in  the  following  illustration  is  frequently  used. 

(<i)  lUustralion.  Let  it  be  required  to  compute  the  area  of  the  piece  of 
land  shown  in  Illustration  III,  msert  sheet,  opposite  page  190.  (1)  The 
area  ABCD  is  found  by  the  method  of  latitudes  and  double 
longitudes.  (2)  The  area  of  the  polygon  9-C-D-ll  is  equal 
to  the  area  of  the  trapezoid  9-x—y-ll  minus  the  areas  of 
the  two  shaded  triangles.  Since  the  distances  C-9  and 
D-1 1  were  measured  in  the  field,  and  angles  taken  to  9  and 
11,  the  sides  9-.r,  Cx,  Dy,  and  ll-y  are  easily  calculated. 
(3)  The  areas  of  the  polygons  D-A-7-\l  and  A -5-8-7  are 
found  in  a  similar  manner.  (4)  To  find  the  area  between 
CB  and  the  brook,  drop  perpendiculars  to  CB  at  C  and  B 
and  find  these  approximate  lenc:ths«.  (It  would  have  been 
well  to  have  measured  them  in  the  field.)  The  area  between 
these  two  perpendiculars  from  B  to  C  may  be  found  by  the 
method  on  p.  412,  and  to  this  area  the  areas  of  the  smaU  Fio.  461  (a), 
trianjgle  at  each  end  must  be  added. 


/ 
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(e)  The  two  methods  compared.  The  chief  advantage  of  the 
first  method  is  the  excellent  check  in  step  (2).  There  is  no 
such  check  in  the  second  method.  The  first  method  would 
seem  to  involve  more  labor,  but,  in  most  cases,  the  work  in 
step  (1)  of  calculating  lengths  and  bearings  of  boundary-lines 
has  to  be  done  anyway,  so  that  the  extra  labor  involved  is  not 
as  much  as  would  at  first  appear.  Whichever  method  is  used  it 
is  well  to  check  the  computed  area  roughly  by  the  area  ob- 
tained from  the  plotted  boundary-lines  (by  scaling  and  com- 
puting, p.  408,  Arts.  457  (o)  and  457  (6),  or  by  means  of  the 
planimeter,  p.  408). 


CHAPTER  XXXIV 

PARTING  OFF  LAND 


Many  of  the  problems  which  arise  in  parting  off  or  dividing  up  land 
involve  only  simple  geometrical  principles  which  the  student  can  readily 
discover  for  himself.  Of  the  more  complicated  problems,  two  are  of  such 
frequent  occurrence  that  methods  of  solving  them  are  explained  in  this 
chapter.* 


463.  General  Problem      Given  a  line  L  intersected  by  two 
lines  making  angles  with  L  of  M  and  N  degrees  respectively.    Re- 
quired the  distance  x  from  L  of  a  line  C  parallel 
to  L,  which  sh/iU  form  with  L  and  the  two  irv'         /       q 
dined  lines  a  trapezoid  of  given  area  A,     Also       A       Y 
required  the  length  of  C  and  of  the  non-parallel     /  ^        ^ 
sides  of  the  irapzzoid.  /    f L. 

C=L-a:(cot  M+cot  N) 

.3 


Fio.  463. 


A=  (L+Oy  =La;-|  (cot  ilf +cot  N) 

-2A  =  a;»(cot  M+cot  N)-2Lx 

^""cotM+cotiV*^^"  "cot  M+cot  JV'^^ 
Lett-  ^ 


cot  M+cot  iV 
a;'-2Lte='  -2tA 

x='Lt±VLH^-2tA. (I) 


*  For  a  great  variety  of  problems  in  parting  off  land  see  Gille^Tiie' »  Sut- 
veying.  Vol.  I,  pp  263-299. 
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From  this  value  of  x  and  the  angles  M  and  N,  the  other 
unknown  distances  may  be  found  by  trigonometry,  for  x  is  the 
value  of  the  perpendicular  side  of  a  right  triangle  one  angle  of 
which  is  M ,  and  also  of  another  right  triangle  one  angle  of 
which  is  N,  Compute  the  two  bases  of  these  triangles  and 
subtract  their  sum  from  L  to  get  C.  The  lengths  of  the  non- 
parallel  sides  of  the  trapezoid  are  equal  respectively  to  the 
hypothenuses  of  the  triangles. 

464.  To  Part  Off  a  Required  Area  from  a  Given  Irreg- 
liar  Polygon.  The  two  general  cases  ^hich  arise  most  fre- 
quently in  practice  are:  (1)  When  the  direction  of  the  dividing 
line  is  known,  and  it  is  required  to  find  the  two  points  where 
this  line  meets  the  perimeter  of  the  polygon.  (2)  When  a 
starting-point  on  the  perimeter  is  known,  and  it  is  required  to 
find  the  direction  of  the  dividing  line.  The  different  steps  in 
the  calculation  will  be  outlined  and  then  illustrated  by  a  prac- 
tical example  for  each  case. . 

(a)  Case  T.  To  divide  an  irregular  polygon  into  two  parts,  one 
of  which  shall  have  a  specified  area,  by  a  line  having  a  given 
direction. 

If  no  bearings  are  given  the  dividing  line  may  be  assimied  as 
north  and  south,  and  the  corresponding  bearings  of  the  sides 
of  the  polygon  calculated  by  the  methods  of  Chapter  XXX, 
beginning  with  the  side  which  makes  a  known  angle  with  the 
dividing  line.  If  the  bearings  are  given  it  is  better  to  use  them 
as  they  stand. 

(1)  Compute  the  latitude  and  departure  of  each  side  of  the 
given  polygon  to  see  if  it  is  a  closed  figiu-e.  (Tf  it  does  not  close 
within  a  reasonable  limit  of  error  nothing  further  can  be  done 
with  the  problem.)  If  it  does  close  compute  its  area  by  the 
method  of  double  longitudes  (p.  416). 

(2)  Draw  the  polygon  accurately  to  as  large  a  scale  as  can 
be  conveniently  used,  and  check  the  area  obtained  in  (1)  by 
some  approximate  method.     (See  p.  403.) 

(3)  Find  by  trial  the  approximate  position  of  the  dividing 
line.  Usually  this  may  be  done  very  roughly  by  a  method  sim- 
ilar to  that  used  in  (2).  since  the  object  is  simply  to  find  which 
vertex  of  the  polygon  is  nearest  to  the  dividing  line. 

(4)  Through  the  nearest  vertex  found  in  (3),  assume  an 
auxiliary  line  having  the  same  direction  as  the  dividing  line. 
"  trapezoid  is  then  formed  having  for  its  two  parallel  bases  this 


PARTING  OFF  LAND  423 

auxiliary  line  and  the  dividing  line.  If  the  altitude  of  this 
trapezoid  can  be  found  the  position  of  the  dividing  line  is  de- 
termined. 

(5)  Compute  the  area  on  one  side  of  the  auxiliary  line  by  the 
method  of  latitudes  and  double  longitudes.  To  do  this  it  will 
be  necessary  first  to  calculate  the  missing  parts  of  the  polygon 
formed  by  the  assumed  line  and  that  part  of  the  original  perim- 
eter bounding  the  area  to  be  computed;  one  of  these  missing 
parts  is  the  length  of  the  auxiliary  line.     (Chapter  XXXII.) 

(6)  Find  the  difference  between  the  area  found  in  (5)  and 
the  area  to  be  parted  off  on  the  corresponding  side  of  the  divid- 
ing line.  This  difference  is  the  area  of  the  trapezoid  referred 
to  in  (4). 

(7)  Substitute  this  difference  for  A  in  Formula  I,  p.  421,  and 
solve  for  x,  the  altitude  of  the  trapezoid.  Find  also  by  trigo- 
nometry the  length  of  the  non-parallel  sides  of  the  trapezoid, 
thus  giving  the  two  points  where  the  dividing  line  meets  the 
perimeter  of  the  polygon.  Since  the  dividing  line  is  a  base  of 
the  trapezoid,  its  length  may  easily  be  found. 

(8)  As  a  final  check,  compute  the  area  on  each  side  of  the 
dividing  line  by  latitudes  and  double  longitudes,  to  see  if  the 
area  which  was  to  be  parted  off  has  been  obtained,  and  also  if 
the  sum  of  the  two  areas  is  equal  to  the  total  area  of  the  original 
polygon  as  found  in  (1).  (This  is  a  double  check,  but  see 
Caution,  p.  4J4.)  It  is  well  to  check  the  area  of  the  trapezoid 
from  the  computed  lengths  of  the  two  parallel  bases  and  its 
altitude  x,  before  applying  the  double  check  just  given. 

(b)  Illustration,  Let  it  be  required  to  subdivide  the  tract  of  land  shown 
in  Fi£.  464  (6)  by  a  line  de  whose  direction  shall  be  N.  55°  IC  £.,  in  such 
a  way  that  the  area  dEABed  shall  be  8  acres.  The  solution  of  this 
problem  is  shown  on  p.  425.     The  different  steps  were  as  follows: 

(1)  Calculated  the  latitudes  and  departures  and  found  that  the  figure 
closed.  Found  the  area  by  method  of  double  longitudes  (p.  416)  to  be 
478  810  sq.  ft.  or  10.902  acres. 

(2)  Drew  the  polygon  to  scale,  and  using  the  approximate  method  on 
p.  408  checked  the  area  found  in  (1). 

(3)  Found  approximately  where  de  would  have  to  be  in  order  to  make 
the  area  between  it  and  the  highway  equal  to  8  acres.  This  was  done  very 
roughly  by  the  approximate  method  used  in  (2),  the  sole  object  being  to 
fina  which  vertex  in  the  perimeter  is  nearest  de.    This  vertex  is  evidently  E. 

(4)  Assumed  a  line  through  E  parallel  to  de  (N.  55°  lO'  E.)  intersecting 
the  opposite  side  of  the  polygon  at  b.  In  the  polygon  ABbEA  there  are 
two  missing  parts,  the  lengths  bE  and  Bb,  By  the  method  given  on  p.  404 
these  lengttia  were  found  to  be  6^  =  1087.7  ft.  and  B6  =  15.6  ft.  (The 
computations  made  in  getting  these  results  are  not  shown  in  the  work  on 
p.  425.1 

(5)  Found  the  area  of  ABbEA  by  latitudes  and  double  longitudes  to 
be  84  690  sq.  ft. 
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(6)  Found  the  area  of  the  trapezoid  dEbe  by  subtracting  84  000  &«tt 
348  480  aq.  ft.  (or  8  acres)  to  be  263  790  sq.  ft.  Substituting  in  Formula  I, 
p.  421,  found  a;  =  299  ft.  Foimd  by  trigonometry  e6 =338.0  ft.  and  £tf— 
391.8   (work  not  shown). 

(7)  Checked  the  area  of  the  trapezoid  as  indicated.  Also  checked  the 
area  between  de  and  the  highway  oy  double  longitudes.  Found  it  to  be 
correct  within  60  sq.  ft.  If  worth  while,  this  error  could  be  corrected  by 
ir-)ving  the  line  de,  which  is  676.8  ft.  long,  an  amount  equal  to  60-1-676.8. 
Ad  this  is  less  than  0.1  ft.  it  was  allowed  to  stand  in  this  case.  As  a  final 
check  the  area  DdeCD  v^as  calculated  by  double  longitudes  (work  not 
shown),  and  found  equal  to  2.993  acres.  Adding  the  areas  on  either  side 
of  the  dividing  line  de,  7.999 +  2.993  =  10.992  =  the  area  of  the  entire  tract 
(check),- 

(c)  Suggestions,  (1)  It  is  well  to  keep  all  areas  in  square  feet  anta  tlMi 
problem  is  finished.  (2)  This  method 
can  be  used  for  subdividing  a  polygon 
into  any  number  of  parallel  strips, 
each  of  any  required  area.  (3)  In 
thee  ase  of  very  irregular  boundary* 
lines  it  may  be  impossible  to  find  s 
vertex  from  which  an  auxiliary  line 
can  be  drawn  and  a  trapezoid  formed. 
In  that  case  the  auxiliary  line  should 
be  assumed  as  near  to  the  position  of 
the  required  line  as  can  be  estimated 
and  the  area  computed  as  in  (5).  This 
area  will  probably  be  incorrect,  but 
it  will  indicate  about  how  much  to 
move  the  auxiliary  line  for  another 
trial.  Two  or  more  trials  may  be 
necessary.  This  trial  method  makea 
DO  use  of  Formula  I,  and  is  fre- 
quently used  in  i)lace  of  the  trapezoid 
method.  (4)  It  is  not  essential  even 
in  the  trapezoid  method  to  have  the 

auxiliary  tine  pass  through  a  vertex  of  the  polygon;  it  may  start  at  any 
point  on  th3  perimeter,  but  it  usually  saves  work  to  have  it  start  from  a 
vertex. 

(d)  Cavtion,  It  often  happens  in  subdivisions  of  areas  that  several  of 
the  same  D.L*s  and  N.  or  S.  latitudes  are  used  in  two  or  more  area  com- 

futations  (as  in  the  total  area  and  in  one  or  more  of  the  component  areas), 
n  such  cases  an  error  in  the  N.  or  S.  products,  if  they  are  not  multiplied 
independently  each  time,  might  extend  through  the  whole  computation, 
yet  would  not  be  revealed  by  the  checks  in  step  (8).  (See  preceding 
illustration.)  In  such  cases  it  is  often  best  to  use  the  most  easterly  meridian 
as  a  starting-point  in  computing  the  last  set  of  D.L'8. 

(e)  Case  II.  To  divide  an  irregular  'polygyn  into  two  parts,  onu 
oj  which  shall  have  a  specified  area,  by  a  line  starting  from  a  givm 
point  on  the  perimeter. 

If  no  bearings  are  ^ven,  assume  some  line  of  the  polygon  as 
north  and  south,  and  calculate  the  corresponding  bearings  of 
the  remaining  sides,  otherwise  use  the  bearings  giyen.  Stepe 
(I),  (2),  (3),  (5),  and  (8)  are  practically  identical  with  the  cor- 
responding steps  of  the  preceding  case. 

(1)  and  (2)  Compute  the  latitudes  and  departures,  find  the 
area  and  draw  the  polygon  to  scale,  as  directed  in  steps  (1)  and 
(2)  of  the  preceding  case. 

(3)  Find  by  trial  the  approximate  position  of  the  dividing 
line,  in  order  to  ascertain  "wluch  vertex  of  the  polygon  is  neareat 
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to  the  unknown  end  of  the  dividing  line.     (See  step  (3)  of  the 
preceding  case.) 

(4)  From  the  vertex  found  in  (3)  draw  an  auxiliary  line  to 
the  known  end  of  the  dividing  line,  and  find  its  length  and  bear- 
ing (p.  401). 

(5)  This  auxiliary  line  is  the  base  cf  a  triang^  having  two 
unknown  sides,  one  the  required  dividing  line,  the  other  a  por- 
lioa  of  one  side  of  the  polygon.  (See  dBe,  Fig.  464  (/).)  The 
solution  of  the  problem  depends  upon  finding  the  area  of  this 
trian^. 

(6)  Calculate  the  area  on  one  side  of  the  auxiliary  line  by  the 
method  of  latitudes  and  double  longitudes. 

(7)  Find  the  difference  between  the  area  found  in  (6)  and  the 
area  to  be  parted  off  on  the  corresponding  side  of  the  dividing 
line.  This  difference  i&  the  area  of  the  triang^  referred  to 
in  (5). 

(8)  The  base  of  the  triangle  being  known  from  (4)  and  its 
area  from  (7),  its  altitude  follows  at  once.  Then  the  lengths  of 
the  two  unknown  sides  may  be  computed  by  trigonometry. 

(9)  As  a  final  check,  calculate  the  area  on  each  side  of  the 
dividing  line  as  explained  in  step  (8)  of  the  preceding  case. 

(/)  lUiutration.     Required    to   subdivide  the   tract   of  land   diown   m 
Fig.  464  (/)  by  a  line  of  unknown  direction,  starting  from  a  given  point  d 
and  parting   o£f  an  area  deBAEd  = 
7.999  acres. 

(1)  and  (2)  Found  the  area  of  the 
given  polygon  to  be  478  810  sq.  ft. 
(See  preceding  illustration.)  Checked 
it  rou^lily  by  drawing  the  polygon  to 
scale. 

(3)  Found  approximately  the  di- 
rection of  de  such  as  to  make  the  area 
between  it  and  the  highway  equal  to 
7.999  acres.  Found  B  to  be  the  ver- 
tex neare^tt   the   unknown  point  e. 

(4)  Drew  the  auxiliary  line  Bd  and 
found  it?  bearing  and  length  by  the 
method  for  missing  measurements  to 
be.  respectively,  S.  75**  33'  W.  and 
898.0  ft.     (See  opposite  page.) 

(o)  Found  the  area  of  dEABd  to  be 
242  565  .sq.  ft. 

(6)  Found  the  area  of  the  triangle 
deB  by  subtracting  242  665  from 
348  436  sq.  ft.  (or  7.999  acres)  to  be 
105  871  sq.  ft. 

(7)  Found  the  altitude  f«  of  the  triangle  to  be  235.8  ft.,  and  the  two 
unknown  sides  bv  trigonometrv  are:  Be =353.6  ft.  and  erf  =  676.8.  The 
angle  edB  =20'  23'.  from  which  the  bearing  of  ed  =  S.  55°  10*  W. 

(8)  Checkel  the  position  of  ed  by  calculating  the  area  on  each  side  as 
in  step  (7)  of  the  preceding  illustration.  (Work  for  one  area  shown  on  p. 
425.)      (See  Caution,  p.  424.) 

Suffffesiiont.     See  suggestions  at  the  end  of  the  preceding  case. 
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CHAPTER  XXXV 
EARTHWORK  COMPUTATIONS 


In  this  chapter  are  given  simple  methods  of  computinK  earthworl^ 
such,  for  example,  as  those  most  used  in  estimating  cut  and  fill  for  ordinary 
grading.  For  a  more  comprehensive  treatment  of  earthwork  computa- 
tions the  student  is  referred  to  standard  books  on  railroad  engineering. 


465,  Grade  Elevations.  The  grade  or  gradient  between  two 
points  of  fixed  elevations  is  equal  to  the  difference  in  elevation 
divided  by  the  distance  between  the  points.  This  grade  is 
generally  given  in  per  cent,  as  3%,  5%,  etc.  (See  310  (a),  p. 
243.)  .  The  per  cent  being  known,  the  elevations  of  intermediate 
points  are  easily  obtained.  The  usual  method  is  to  find  the  ele- 
vation of  any  point  by  adding  to  the  elevation  of  the  preceding 
point,  if  lower,  a  quantity  equal  to  the  distance  from  the 
preceding  point  multiplied  by  the  grade.  If  the  intermediate 
points  are  equal  distances  apart,  the  quantity  added  each  time 
is  of  course  a  constant. 

(a)  Illustration.     In  Fig.  465  (a)  let  the  elevation  of  two  points  200  ft. 
apart  be  respectively  52  and  60  ft.,  and  let  the  finished  grade  be  a  strai^^t 

line  between  the  two  points.     Let  the  exist- 
«.  .      ing  surface  be  represented  by  the  full  line. 

^  :        The    grade    is    ^^^q^=0.04    or    4%.     For 

lfi..460     50-ft.  stations  the  constant  change  of  grade 
■^         '         is  0.04X50  =  2  ft.     The  elevation  of  il   is 

52  +  2  =  54  ;  ofB,  54  +  2  =  56;  of  C,  56  +  2-58. 

As  a  check  58  +  2  =  60,  the  original  elevation. 

U^  'L  rjx^\t"j\-.Wn\  J         "^^  check  should  never  be  omitted. 
r-50-»t*--50->t*-^-»f*^0-*i  The  grade  elevation   of  any   other  point 

^^Datum-0.0.^  between  50-ft.  stations  may  be  found  easily, 

f  Thus,   for  example,  at  a  point  24  ft.  from 

Fio.  465  (a).  B   toward    C   the   grade   elevation   is   56+ 

(24X0.04)  =56.96. 
Note.     For  a  more  practical  illustration, 
see  computations  for  sewer-grade  points,  p.  286,  ana  also  lUuMration  (6)» 
p.  281. 

(6)  Cvi  and  fill.    The  cut  and  fill  at  any  point  is  the  differ- 
cnce  between  the  grade  elevation  at  that  point  and  the  eleva- 
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tion  of  the  existing  surface.  If  the  former  is  always  subtracted 
from  the  latter  aigebraicalty,  a  minus  result  indicates  fill  (earth 
to  be  added),  a  pliis  result  cut  (earth  to  be  taken  away).     Thus 

in  Fig.  465  (o)  the  fill  at  A  ia  48-54 6  ft.,  and  at  B  49- 

a6--7  ft.  The  cut  at  C  is  64-68=+6  ft.,  and  at  the  last 
point  04.5-6O- +4.5  ft.  ' 

466.  Qeometrical  Definitions  and  Principles.  A  poly- 
hedron '.a  a  geometrical  solid  bounded  by  planea.  A  jtrUm  is  a 
polyhedron  two  of  whose  faces  (bases)  are  equal  polygons 
lying  in  parallel  planes  and  having  their  homologous  sides  par* 
allel,  the  other  faces  being  iiarallelograms  formed  by  planes 
passed  through  the  homologous  sides  of  the  equal  polygons. 
A  tmncated  prism  is  one  in  which  the  two  bases  are  not  paralleL 
A  righl  truncated  prism  is  one  in  which  one  of  the  bases  is  per- 
pendicular to  the  lateral  edges. 

The  volume  of  any  truncated  prism  is  equal  to  the  area  of  a 
right  section  multiplied  by  the  length  of  a  line  joining  the  centers 
cf  mass  of  the  two  bases.  The  volume  of  any  truncated  trtan- 
ffular  prism  is  equal  to  the  product  of  its  right  section  by  }  the 
sum  of  its  lateral  edges.  Any  truncated  prism  whose  base  is 
a  symmetrical  polygon  can  be  divided  into  equal  truncated 
triangular  prisms,  and  hence  the  volume  of  sueh  a  prism  is  equal 
to  the  area  of  a  right  section  multiplied  by  a  length  equal  to 
the  mean  of  all  the  lateral  edges. 

467.  Calculating;  Earthwork  by  the  Method  of  Unit 
Areas,  (a)  In  Fig.  467  (q)  let  abed  be  a  rectangle  which  has 
been  staked  out  on  the  ground,  and  suppose  that  the  four 
comers  are  at  different  elevations,  but 

lie  in  the  same  plane.  The  surface 
bounded  by  the  rectangle  is  therefore 
axi  inclined  plane.  Suppose  that  it  is 
desired  to  grade  down  to  a  level  sur- 
face a  certain  dietance  below  the  lowest 
comer.  The  earth  to  be  moved  is  a 
right  truncated  prism,  with  vertical 
edges  at  a,  b,  c,  and  d.  Suppose,  on 
the  other  hand,  that  the  finished  grade 
is  also  an  inclined  plane  (not  neces- 
sarily parallel  to  the  original  surface), 
then  the  earth  to  be  moved  is  a  truncated  prism  whose  right 
section  ia  the  rectangle  abed.    In  either  case  the  volume  «  wopsi. 
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to  the  area  of  the  lectang^  abed  multiplied  by  one  fourth  of 
the  amn  of  the  votical  edges  throu^  a,  b,  c,  aad  d,  or 

VCmeii.ft.)=A ^ ot\  (meu,yd^)=        4x2/ "^^ 

This  formula  is,  of  course,  equalhr  applicaUe  to  fills,  i.e.,  when 
the  grading  is  carried  up  to  a  plane  wholly  above  the  original 
surface. 

(b)  When  any  surface  has  been  divided  into  a  number  of 
unequal  rectangles  and  the  surface  within  each  rectangle  is  a 
plane,  there  will  be  as  many  prians  as  there  are  rectan^es,  and 
the  total  volume  ^ill  be  the  sum  of  the  volumes  of  all  of  the 
prisms.  By  making  the  rectan^s  equal,  however,  the  work  of 
computation  is  simplified.  Thus  in  Fig.  467  (a)  each  comer- 
hei^t  will  be  used  as  many  times  as  there  are  rectan^es  join- 
ing at  the  comer  (indicated  on  the  figure  by  numbers).  The 
total  volume  is  therefore 

V  fm  cu.  yds.)= ^ ^^^    -^    1..    .     (O) 

A"*ajrea  of  one  rectan^  in  sq.  ft.;  2'= sum  of;  &=oomer- 
hei^it;  subscripts  indicate  number  of  times  a  comer-hei«^t  is 
used. 

(e)  Bemtark.  Both  formulas  (I)  and  (II)  are  based  oo  the  assomptioii 
that  the  ongboaX  surface  within  a  unit  rectanele  is  a  pUme.  In  practiee 
the  unit  area  is  assumed  small  enough  so  that  this  assumption  is  approx- 
imatriy  true,  but  it  is  practically  nevo*  exactly  true,  and  the  Tolume 
obtained  from  either  formula  will  be  sli^tly  different  from  the  true  volume. 

(fl)  If  the  finished  surface  is  inclined  it  may  slope  in  one 
direction  (Case  II,  p.  288),  or  it  may  slope  in  two  directions 
(Case  III,  p.  288).  In  either  case  the  elevations  of  the  finished 
surface  at  the  different  comers  must  be  obtained  either  by  cal- 
culation or  graphically  before  the  comer-heights  can  be  found. 
The  method  of  ascertaining  these  grade  elevations  will  depend 
upon  how  the  unit  areas  were  laid  out  in  the  field.  The  direc- 
tions for  setting  grade-stakes  (pp.  288-289)  will  suggest  ways 
in  which  the  method  of  Art.  465,  p.  428,  may  be  used  to  find 
grade  elevations  at  p>oints  in  any  given  row. 

(e)  Method  of  procedure,  (1)  Draw  a  diagram  of  the  rect* 
angles  as  laid  out  in  the  field,  not  necessarily  to  scale  but  laige 
enough  so  that  the  shortest  side  of  a  rectangle  is  at  least  an 
inch.  (2)  At  each  comer  mark  the  elevation  of  the  original 
aurface  as  obtained  from  the  field  notes.     (3)  Calculate  the 
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vftUon  of  the  graded  Burlaw  at  each  comer  and  put  the  result 

on  the  diagram  directly  under  the  origiaal  elevation.  (4)  Sub- 
tract on  the  diagmm  the  original  elevations  from  the  grade 
elevations  (or  vice  versa  if  it  is  (ill  instead  of  cut),  thus  getting 
(he  comer-heights.  (5)  Sum  up  all  the  comer-heights  in  the 
perimeter  used  once;  sum  up  all  those  used  twice  and  multiply 
by  2;  sum  up  all  those  used  three  times  and  multiply  by  3; 
lhi8  will  take  into  account  all  points  in  the  perimeter;  sum  up 
riU  iTiierior  torner-heights  and  multiply  by  4,  (6)  Sum  up  all 
the  results  obtained  in  (5)  and  multiply  by  ttt--,  where  A  =  area  in 

,  square  feet  of  unit  rectangle — the  result  ia  the  total  volume  in 
cubic  yards. 

When  the  outline  of  the  entire  area  is  not  rectangulac  this 
method  of  procedure  must  be  modified.     (See  Fig.  467  (g).) 

(/}  StiOBfliBtit.  Any  lyitemBtic  method  o(  pToceduni  may  b«  followed 
in  piste  of  that  given,  provided  that  eomer-hei^ta  sre  cwrectly  calculated 
■nd  that  there  it  no  confueion  SB  to  the  number  of  timea  eacli  comer-heiehl 
is  used.  There  is  always  danger  of  omittinB  a  cDrQer-height  altDKeth*'. 
'      '  p(a)arrsn«ecomer-beight^iDfourcolun]n9aecordiQgtowheCher 
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(ff>  When  the  ovthne  of  an  area  ts  not  reclan^vlar,  as  m  Fig 
467  (g)  il  cannot  be  subdivided  into  squares  or  rectangles,  but 
as  much  as  possible  of  the  cal 
culation  IS  done  b>  the  method 
of  the  preceding  article  and  the 
rest  by  finding  the  volumes  of 
the  irregular  solids  around  the 
edges  Thus  in  Fig  467  Ig)  the 
unshaded  portion  nas  divided 
into  SO-Et  squares  and  the  cor- 
responding volume  computed 
by  the  preceding  method  Ex- 
tending the  lines  to  the  bound- 
anes  a  number  of  irregular 
3  tomied  (indicated  by 
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lines)  From  each  area 
»nd  the  corresponding  comer  heights  the  -volume  of  the  corre- 
sponding pnsm  may  be  found  and  fhe  sum  of  these  \olumes 
added  to  the  volume  of  the  unshaded  portion  In  the  majority 
of  catmn  the  irregular  areas  will  be  trapezoids',  the  viud&\&  Wu^ 


432 


EARTHWORK  COMPUTATIONS 


of  each  trapezoid  (computed  or  scaled)  multiplied  by  the  boae 
gives  the  area,  and  this  area  multiplied  by  the  mean  of  the  cor- 
responding coner-heighta  gives  the  volume.  In  Fig.  467  (7) 
all  the  shaded  tireas  are  trapezoids  except  the  two  in  the  iq>per 
comers  (doubte-cross-lin^id),  and  each  of  these  may  be  divided 
into  a  trapezoid  and  a  triangle. 

When  a  cut  or  fill  "runs  out  to  zero"  the  boundary-line  is 
UTUolly  irr^ular,  as  shown  by  the  dotted  line.  (See  Fig.  468.) 
In  a  perfectly  general  case  of  this  kind  all  four  sides  of  tfaa 
figure  would  be  bounded  by  irregular  lines,  but  the  method 
would  still  hold  good. 

(A)  SuQ\jetlitmi^     Good  judf^ment  1 


where  thi 
"n^plSn 

largo  unit  flteas  can  be  used  fur  the  greater  por 
e  ground  ie  even,  emaller  unit  areas  being  ac 

uneven  ground  the  assumption  that  the  fonr 
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468.  Estimates  of  Cut  and  Fill.    In  Figs.  467  (a)  and 

467  (g)  it  was  assumed  that  the  graded  or  finished  surface  would 
be  entirely  below  or  above 
the  original  surface,  i.e.,  that 
the  grading  would  be  all  cut 
or  all  &11.  More  often  in 
practice  the  problem  is  one 
in  both  cut  and  fill.  Sup- 
pose  that  in  Fig.  468  the 
elevations  of  the  ground  at 
all  comers  of  the  squares 
have  been  ascertained,  and 
it  is  desired  to  grade  down 
to  an  elevation  of  20  ft. 
above  datum.  Let  the  outside  broken  line  represent  the  bound- 
'ly  o/'  the  area  to  be  graded.    Suppose  that  the  elevations  of 
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3  comers  within  the  shaded  area  are  above  20  ft.  and  those 

unsliaded  area  are  bclmv  20  ft.     Then  there  must  be  a  line 

vhere  between  (represented  by  the   inside  broken    line) 

passes  through  points  of  exactly  20  ft.  elevation,  i.e.,  a 

t  grade ^  corresponding  to  a  20-ft.  contour.     Points  through 

this  line  passes  may  be  determined  by  interpolation  as 

ined  below.     The  volume  of  cut   (shaded  area)  and  the 

le  of  fill  (unshaded  area)  can  each  be  calculated  by  the 

)d  of  the  preceding  article,  and  the  difference  between  the 

s  the  amount  of  earth  which  must   be   "borrowed"   or 

away,  according  to  whether  the  fill  or  the  cut  is  in  excess, 

ing  that  no  allowance  is  made  f®r  shrinkage  or  expansion. 

irk.     In  the  above  illustration  the  finished  surface  is  level,  hence 
uie  elevation  at  any  point,  as,  for  example,  at  any  corner  of  any 


or  at  any  point  between  corners,  is  20  ft.  The  interpolation 
'point,  as  a,  is  very  simple,  since  its  elevation  must  be  20  ft.  (See 
)9  for  method.)     When  the  finished  surface  is  inclined  the  grade 


ons  at  the  corners  of  the  squares  will  differ,  but  once  the  cut  or  fill 
I  comer  is  known  the  work  of  interpolation  is  no  more  difficult  than 
jvel  grade. 

Btimes  portions  of  the  outside  boundary-line  are  determined  by  the 
where  the  grade  **runs  out,"  i.e.,  where  there  is  neither  cut  nor 
1  such  a  case  these  points  may  also  be  found  by  interpolation. 

*.  Interpolation,  (a)  Let  the  elevations  of  the  surface 
ground  at  A  and  B,  two  comers  of  a  square,  be  19.2  and 
espectively.  Suppose  that  the  graded  or  finished  surface 
jI  and  its  elevation  is  20  ft.  It  is  required  to  find  a  point 
3  line  AB  where  the  existing  surface  is 
3cted  by  the  graded  surface,  assuming 
rmer  to  slope  uniformly  from  A  to  B, 
are  several  methods,  arithmetical, 
ic,  and  mechanical,  based  on  the  prop- 
of  similar  triangles.  One  of  the  sim- 
yraphic  methods  is  shown  in  the  figure. 
19.2-20=  -0.8  (fill),  and  at  B  22.1  -  p^^  459^ 

-2.1  (cut),  hence  lay  off  to  any  scale 
s  in  one  direction  and  21  units  in  the  opposite  direction, 
>wn  a  straight-edge  between  the  points  thus  obtained  (in- 
d  by  the  broken  line),  and  mark  the  required  point  C. 
the  8  units  and  the  21  units  may  be  laid  off  on  any  two 
3I  lines  through  A  and  B,  it  saves  time  to  use  the  sides 
square,  and  points  can  be  interpolated  in  a  case  like  that 
.  469  without  drawing  any  lines  whatever.  This  method 
ivalent  to  plotting  a  vertical  section  through  A  and  B  iaa. 
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which  A'B'  is  a  level  line  of  20-ft.  elevation,  a  a  point  0.8  ft. 
below  this  line,  and  h  a  point  2.1  ft.  above  it. 

In  other  words  the  fill  (—0.8)  is  laid  off  in  one  direction  and 
the  cut  (+2.1)  is  laid  off  in  the  other.  It  is  well,  therefoiei 
before  beginning  to  interpolate  to  go  over  the  plot  and  maik 
the  amount  of  cut  or  fill  at  each  comer. 

(&)  When  the  grade  is  not  level.  (1)  Find  the  grade  elevation 
at  each  comer.  (2)  Find  the  cut  or  fill  at  each  comer.  (3)  Pro- 
ceed as  above,  i.e.,  lay  off  the  fill  in  one  direction,  the  cut  in 
the  other  on  parallel  lines,  and  lay  a  straight-edge  between  the 
pK)ints  thus  obtained;  it  will  cross  the  side  of  the  square  in  the 
required  point.  (Draw  a  figure  and  prove  this.) 
Note.     For  other  methods  of  interpolation  see  page  497. 

470.  Prismoids.  Definition,  *'A  prismoid  is  a  solid  having 
for  its  two  ends  any  dissimilar  parallel  plane  figures  of  the  setme 
number  of  sides,  and  all  the  sides  of  the  solid  plane  figures 
also."  Any  prismoid  may  be  resolved  into  prisms,  pyramidsi 
and  wedges,  the  common  altitude  of  which  is  the  perpendicular 
distances  between  the  two  parallel  end  planes. 

Many  excavations  and  embankments,  especially  those  wliich 
occur  in  the  construct  ion  of  roads  aivl  railroads,  are  more  nearly 
prismoids  than  prisms.  There  are  several  methods  of  comput- 
ing the  volume  of  a  prismoid.  Two  of  the  most  common  are 
indicated  by  the  following  formulas,  in  which  A^  and  A^  repre- 
sent the  areas  of  the  two  parallel  end  faces,  M  the  area  of  the 
middle  section  parallel  to  the  end  planes,  and  I  the  length  or 
perpendicular  distance  between  the  end  planes: 

Endnirea  Formula:   V  (mcu.yds.)^^  {Ai-{-A2)X'^.       .     (IV) 

Prismmdal  Formula:  V  (in  cu.  yds.)  =  }  (Ai+  4Af  +  Aj) X^s.    (V) 

The  "end-area  formula"  gives  approximate  results,  close 
enough  for  rough  estimates,  and  is  in  general  use.  The  "pris- 
moidal  formula"  is  of  wide  appUcation,  since  it  gives  the  cor- 
rect volume  of  any  sohd  bounded  by  two  parallel  plane  faces, 
and  defined  by  the  surfaces  generated  by  a  straight  line  moving 
upon  the  perimeters  of  these  faces  as  directrices.  It  is  used  as 
a  basis  for  earthwork  computations  in  railroad  work,  and  it 
would  be  used  more  extensively  than  it  is  were  it  not  for  the 
extra  labor  involved  in  finding  M,  The  area  M  is  not  the  mean 
(^  Aj  and  A^  but  each  of  its  linear  dimensions  is  the  average  of 
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le  corresponding  dimenMons  of  A^  and  A^,  and  from  those 
oear  dimen^ona  the  area  M  ia  found.  The  middle  acction  is 
imetimes  measured  on  the  ground;  or  ia  a  aeries  of  such  sec- 
ans,  equally  spaced,  each  alternate  section  may  be  taken  aa 
',  and  the  length  of  the  prismoid  aa  twice  the  distance  between 
OSS-flections.  For  a  continuous  line  of  earthwork  tlie  pria- 
oidal  formula  then  becomea: 


F  =  ; 


<27 


,U,+4A,+2A,+4X,+2A,-!-4X,...+A„>. 


vr 


In  ordinary 'cross-sectioning  it  is  customary  to  take  elevations 
the  surface  of  the  ground  at  three  points  (middle  point  and 
o  side  points),  on  a  line  at  right  angles  to  the  center-line,  at 
ery  100-ft.  station,  unless  a  sudden  change  in  the  ground 
]uirea  an  intermediate  cross-section.  For  "three-level"  eec_ 
ins  the  work  of  computation  is  simplified  by  finding  the 
Itime  first  by  the  inexact  method  of  "end  areas"  and  then 
plying  a  "prismoidal  correction".  The  work  ia  further 
ortened  by  the  use  of  diagrams.* 

471.  Estimating  Cut  and  Fill  from  a  Contour  Map. 
lere  are  several  methods  in  which  approximate  estimates  for 
*dir.g  can  be  made  from  contour  maps. 

(a)  Firai  Method.  In  Fig.  471  (a)  the  contours  of  the  existing 
rface  are  represented  by  full  lines.  The  figures  around  the 
tside  of  the  bounding  lines 
/e  the  grade  elevations  at 
Dse  points,  and  hence  the 
■aight  lines  represent  con- 
jrs  of  the  finished  or 
ided  surface  at  one-foot 
,ervals.  At  every  point 
lere  a  straight  line  inter- 
its  a  contour  of  the  exist- 
;  surface  the  cut  or  fill  can 
found  by  simply  subtract- 
r  the  elevation  of  the 
aight  line  from  the  eleva-  Fro.  471  (a), 

n  of  the  contour.    By  joining  points  of  equal  cut  or  fill,  . 

■  For  prismoidBl-correption  fomiulfla  and  for  complete  distuasions  of  Vh 

ih  M"B'ebb°8^*Bai"roadConBtruetion"  (John  Wiley  *  Sons),  or  Alffi 
Itulioad  Curves  and  Earthwork"  (Spou  &  Chamberlain,  Nan  YoiWS. 
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set  of  lines  is  obtained  (represented  by  broken  lines  in  Fi{^ 
471  (a))  which  are  the  horizontal  projections  of  lines  cut  from 
the  existing  surface  by  planes  parallel  to  the  finished  surCaoe. 
In  this  case  these  planes  are  one  foot  apart,  measured  vertically. 
The  layer  of  earth  between  any  two  of  these  parallel  planes  is  a 
solid  having  for  its  two  parallel  bases  the  irregular  areas  en- 
closed by  the  two  corresponding  broken  lines,  and  for  its  alti- 
tude the  vertical  distance  of  one  foot.  The  volume  of  this 
solid  may  be  obtained  by  the  end-area  method  or  by  the  pris- 
moidal  formula,  the  irregular  areas  being  found  from  the  map 
by  scaling  and  computing  or  by  the  use  of  the  planimeter. 
The  sum  of  the  volumes  of  all  the  layers  is  the  total  volume 
required. 

(&)  lUustraiion.  The  line  passing  through  the  points  marked  5  in 
Fig.  471  (a)  is  the  horizontal  projection  of  a  line  on  the  existing  surface 
which  encloses  an  imaginary  irregular  surface  that  is  parallel  to  and  5  ft. 
above  the  finished  surface.  Likewise  the  line  through  points  marked 
6  represents  the  boundary  of  an  imaginary  surface  parallel  to  and  6  ft. 
above  the  finished  surface.  The  area  enclosed  by  the  5-ft.  line  and  the 
area  between  the  6-ft.  line  and  the  top  and  left  bounding  line  are  ascer- 
tained, and  the  volume  between  these  two  irregular  surfaces  computed  as 
explained  above.  The  volumes  of  the  other  layers  may  be  found  in  a 
similar  manner. 

(c)  Second  Method.  (1)  Divide  the  map  into  unit  squares  or 
unit  rectangles  by  ruled  lines.  (2)  Find  by  interpolation  the 
elevation  of  the  existing  surface  at  the  comers  of  each  unit 
square.  (This  is  done  by  a  method  the  reverse  of  that  ex- 
plained in  Art.  469,  p.  433.)  (3)  Ascertain  the  grade  elevation 
at  each  comer  and  then  the  comer-height.  (4)  Calculate  the 
volume  by  the  method  of  Art.  467,  p.  429. 

(d)  Remark.  The  two  preceding  methods  are  used  most  in^  estimates 
where  the  finished  or  graded  surface  is  a  plane — level  or  inclined.  For 
warped  or  undulating  surfaces,  or  for  structures  like  dams  or  reservoirs 
and  terraces  having  regular  outlines,  another  method  (given  below)  is 
often  used. 

(e)  Third  Method,  (1)  Make  an  accurate  map  on  which  the 
existing  surface  of  the  ground  is  shown  by  contours  drawn  in 
black  ink.  (2)  On  this  map  lay  out  contours  in  red  ink  which 
correspond  in  elevation  to  those  in  black  ink,  but  which  repre- 
sent the  finished  or  graded  surface.  If  this  final  surface  is  to 
be  curving  or  imdulating,  the  red-ink  contours  will  be  curving 
lines,  but  if  it  is  a  surface  composed  of  plane  faces,  like  the  in- 
side slopes  of  a  rectangular  reservoir,  the  red-ink  contours  will 
be  a  series  of  straight  lines.*     (3)  The  area  enclosed  by  a  red- 

♦See  Raymond's  "Plane  Surveying"  (American  Book  Co.,  New  York), 
p»  285,  or  Johnson's  "Plane  Surveying"   (John  Wiley  &  Sons),  p.  446^ 
mr  sn  uluatration  o£  this  method  applied  to  a  reservoir. 
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^ntour  and  a  black-ink  contour  of  the  same  elevation  is 
lorizontal  area  of  the  cut  or  fill  at  that  elevation.  (4)  The 
of  earth  between  two  of  these  successive  areas  is  approxi- 
ly  a  prismoid,  the  altitude  of  which  is  the  contour  interval, 
volumes  of  successive  layers  may  be  obtained  by  the  end- 
method  or  by  the  prismoidal  formula,  but  if  the  latter  is 
it  is  better  to  consider  every  other  area  as  a  middle  area, 
the  height  of  the  prismoid  as  twice  the  contour  interval. 
3  are  usually  found  from  the  map  by  means  of  the  pla- 
ter. 


CHAPTER  XXXVI 
THE  USE  OF  THE  DRAWING  INSTRUMENTS  ♦ 

In  tkis  chapter  are  given  such  directions  and  suggestions  for  the  use  of 
drawing  instruments  as  are  of  special  importance  in  mapping. 


472.   Use  of  the  Pencil.     (1)  Use  a  6-H  pencil  for  ordinary 

map-drawing,  but  for  penciling  directly  on  tracing-cloth  a  3-H 

pencil  (or  softer)  is  better.     Sharpen  as  follows:   Cut  the  wood 

back  a  little  more  than  an  inch  at  each  end  of  the  pencil,  leath 

ing  at  least  f  in.  of  lead  exposed.    Sharpen  the  lead  at  one  end 

to  a  lonj  thin  wedge  by  rubbing  the  flat  sides  on  fine  sandpaper 

alternately  as  in  sharpening  a  knife,  until  they  taper  gradually 

from  the  wood  to  a  knife-edge.     Sharpen  the  lead  at  the  other 

end  to  a  long  cone-shaped  point  by  rolling  the  lead  as  it  is 

rubbed. 

Remark.  The  above  directions  are  made  explicit  because  so  many 
students  neglect  to  sharpen  their  pencils  properly.  It  is  practically  im- 
possible to  do  accurate  work  in  plotting  with  a  lead  that  is  dull  or  soft^ 
clear  hair-lines  are  absolutely  essential. 

(2)  Draw  lines  so  close  to  the  ruling  edge  that  they  are 
scarcely  visible  until  the  edge  is  moved  away.  To  insure  this, 
it  may  be  necessary  to  incline  the  top  of  the  pencil  slightly  out- 
ward, thus  bringing  the  flat  side  of  the  lead  in  contact  with  the 
lower  comer  of  the  ruling  edge.  The  pencil  should  be  held 
nearly  vertical,  and  it  should  be  drawn,  not  pushed.  Do  not 
use  the  cone-shaped  lead  for  ruling  lines — it  will  wear  off  too 
fast ;  keep  it  sharp  for  marking  points. 

473.  Use  of  the  T-square.  (1)  Make  sure  that  the  upper 
edge  of  the  blade  is  straight  ,t  and  do  not  use  the  lower  edge 
unless  it  is  known  to  be  truly  parallel  t    the  upper  edge. 

*  This  chapter  is  taken  largely  from  a  similar  chapter  in  the  authoi's 
'An  Introductory  Course  in  Mechanical  Drawing"  (American  Book  Co.). 
The  student  is  referred  to  that  book  for  a  more  complete  treatise  on  the 
use  of  drawing  instruments. 

tTo  test  an  edge  for  straightness  draw  a  fine  hair-line  in  exact  contact 
with  the  edge,  and  then  turning  the  T-square  end  for  end,  see  if  the  same 
edge  coincides  with  the  line  throu^out  its  length. 

438 
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(2)  Use  the  T-square  against  the  left-hand  edge  of  the 
board  for  horizontal  lines,  and  acquire  the  habit  of  feeling  the 
liead  in  perfect  contact  with  the  edge  before  starting  to  draw 
\  line. 

(3)  Do  not  use  the  T-square  with  its  head  against  the  right- 
[land  edge  or  the  board  unless  you  draw  with  your  left  hand. 

(4)  Do  not  draw  vertical  lines  by  placing  the  head  of  the 
F-square  against  the  top  or  bottom  of  the  board  except  in 
ough  work,  for  adjacent  edges  of  the  ordinal y  drawing-hoard 

ire  seldom  exactly  at  right  angles  to  each  other. 

(5)  In  drawing  long  oblique  lines  it  is  sometimes  necessary 
to  turn  the  T-square  over  in  order  that  it  may  lie  fiat.     In  that 
sase  use  the  edge  of  the  blade  which  is  known  to  be  straight 
=ind  take  extra  pains  to  keep  the  blade  from  slipping. 

474.  Use  of  the  Tr'angles.*  (1)  In  drawing  a  line  through 
I  point  the  comer  of  the  triangle  should  never  be  at  the  point. 
For  example,  do  not  erect  a  perpendicular  to  an  oblique  line 
3y  fitting  one  edge  of  a  triangle  against  the  line  and  drawing 
;he  perpendicular  along  another  edge  without  moving  the 
triangle,  but  fit  one  edge  to  the  line,  bring  the  edge  of  a  second 
:riangle  or  the  edge  of  a  T-square  into  contact,  and  slide  the 
irst  triangle  until  the  perpendicular  passes  through  the  point. 
Mother  method  is  to  fit  the  hypothenuse  of  a  triangle  to  the 
line,  and  bringing  a  straight  edge  into  contact  with  a  second 
dde,  turn  the  triangle  until  its  third  side  is  in  contact  with  the 
jtationary  edge,  thus  bringing  the  hypothenuse  perpendicular 
X)  the  given  line.  In  either  method,  exercise  great  care  to  keep 
ihe  stationary  straight  edge  from  slipping. 

(2)  By  placing  the  45°  triangle  against  the  horizontal  edge 
>f  a  T-square  and  the  30°  or  60°  triangle  against  the  edge  of  the 
t5°  triangle,  15°  and  75°  lines  can  be  drawn. 

(3)  In  drawing  a  line  parallel  to  a  given  line,  slide  the  tri- 
rngle  along  the  edge  of  the  T-square  if  the  lines  are  too  far 
ipart  to  use  the  usual  combination  of  two  triangles. 

(4)  It  is  difficult  to  make  the  edge  of  a  triangle  pass  through 
\  point  Of  coincide  with  a  line  if  that  edge  casts  a  shadow. 

♦  A  new  triangle  should  always  be  tested.  The  right  angle  may  be 
bested  by  placing  one  edge  against  the  T-square  and  drawing  a  vertical 
ine  along  the  other  edge.  Turn  the  triangle  over,  placing  the  same  edge 
igsinst  the  T-square,  and  if  the  triangle  is  not  right-angled  the  vertical 
jdge  will  not  coincide  with  the  vertical  line.  A  60°  angle  may  be  tested 
t)y  constructing  an  equilateral  triangle  wholly  with  the  triangle  aa<L  T- 
jquare.     Similar  tests  will  suggest  themselves  for  SOP  ox  ^S* . 
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Avoid  shadows  by  turning  the  drawing-board  or  by  working 
from  different  sides  of  the  board. 

475.  Use  of  the  Scale.  The  scale  commonly  used  in  map- 
ping is  the  decimal  scale.  The  form  recommended  is  the  ti> 
angular  scale  in  which  the  smallest  divisions  on  the  six  sides 
are  respectively  ^,  ^,  ^,  ^,  ^V»  and  ^  of  an  inch.  In  ueang 
the  scale  for  plotting  do  not  reduce  measurements  by  arithmetic; 
but  read  distances  directly  from  the  scale  itself  by  changing  in 
the  mind  the  value  of  each  division  on  the  scdle^ 
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Fig.  475. 


Illustration,  The  smallest  division  on  the  upper  edge  o!  the  scale, 
Fig.  475,  is  s^o.of  an  inch.  When  plotting  20  ft.  to  the  inch  consider  each 
of  these  divisions  as  representing  one  foot.  The  portion  to  the  right  of 
the  break  is  at  the  center  of  a  12-inch  scale,  and  the  "20  '  marked  to  largo 
numerals  indicates  the  number  of  divisions  to  the  inch.  On  the  lower 
scale  the  '  30"  indicates  that  each  inch  is  divided  into  thirty  parts.  The 
other  four  edges  of  the  scale  not  shown  in  the  figure  are  marked  at  the 
center  10,  40,  50,  and  60  respectively. 

In  reading  the  scale  simply  add  a  cipher  to  the  nearest  number  pre- 
.^eding  the  point.  The  distance  in  feet  that  each  arrow  in  Fig.  475  is  m>m 
the  zero-point  is  indicated  by  the  corresponding  number. 

To  plot  100  ft.  to  the  inch  u«e  the  50  side  and  double  the  value  of  each 
division,  i.e.,  k*o  in.  =  2  ft.  To  plot  200  ft.  to  the  inch,  let  each  A  in.  — 4  ft.; 
300  ft.  to  the  inch,  ^  in.  — 5  ft.,  or  /b  in.  ="10  ft.,  and  so  on. 

For  additional  suggestions  for  using  the  scale  see  p.  448. 

476.  Use  of  ^he  Ruling-pen.  (1)  Never  begin  to  ink  a 
drawing  until  the  ruling-pen  can  be  relied  upon  to  produce  a 
clear  clean-cut  line.  If  good  ink  is  used  and  the  pen  is  properly 
held,  a  ragged  line  indicates  that  the  nibs  are  not  exactly  of 
the  same  length  or  that  they  are  not  sharp.  A  nib  which  is 
too  short  or  too  dull  will  leave  its  side  of  the  line  more  or  less 
broken.  The  best  of  pens  become  dull  with  use,  and  the  drafts- 
man should  keep  his  pen  sharp. 

(2)  Hold  the  pen  almost  perpendicularly,  thumbscrew  out, 
both  nibs  pressing  evenly  on  the  paper,  and  with  the  top  in- 
clined  sli^htlt/in  the  direction  in  which  it  is  moved.     (The  tend* 
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cncy  is  to  incline  it  too  much.)  Acquire  a  certain  "touch" 
which  brings  the  pen  lightly  but  firmly  in  contact  with  the  ruling 
edge.  Endeavor  to  get  into  the  easiest  position  in  which  to 
ink  a  line,  even  though  it  is  necessary  to  walk  around  the  draw- 
ing. In  this  way  the  ruling  edge  may  be  kept  between  the  line 
and  the  body,  so  that  in  moving  the  pen  the  tendency  is  to 
draw  it  against  the  ruling  edge  rather  than  away  from  it.  Thus 
the  pen  will  cling  to  the  edge  without  that  excessive  pressure 
which  pushes  the  nibs  together  and  causes  the  width  of  line  to 
vary.  Steady  the  hand  by  sliding  on  the  end  of  tke  little 
finger.  The  pen  should  be  moved  from  left  to  right  and  should 
be  dravm,  not  pushed.  See  that  there  are  no  small  particles  of 
dust  or  lint  in  its  path. 

(3)  Adjust  the  nibs  of  the  pen  to  the  width  of  line  most  often 
used  in  map-drawing,  and  make  a  fine  scratch  across  the  milled 
head  of  the  adjusting-screw,  so  that  by  noting  the  position  of 
this  scratch  the  nibs  can  be  set  quickly  to  this  width  of  lino 
or  to  one  either  twice  as  wide  or  half  as  wide.  When  the  pen 
is  once  set  at  the  proper  width  avoid  changing  its  nibs  until  all 
lines  of  that  width  are  inked. 

(4)  Tack  a  cloth  to  the  drawing-desk  and  clean  the  pen  fre- 
quently when  in  use  by  forcing  the  cloth  out  through  the  nibs 
without  disturbing  the  adjusting-screw.  Keep  the  pen  bright 
and  clean  when  not  in  use,  as  ink  left  to  dry  in  the  pen  will 
almost  surely  corrode  the  points. 

(o)  To  sharpen  a  pen  use  a  thin  oil-stone.  Screw  the  nibs  of  the  pen 
close  together,  and  draw  the  pen  across  the  stone  a  few  times  precisely 
as  if  drawing  lines,  but  changing  the  inclination  of  the  pen  from  one  side 
of  the  vertical  to  the  other,  so  as  to  keep  a  rounded  point.  This  will  make 
the  nibs  of  equal  length  but  dull.  Unscrew  the  nibs  and  sharpen  each  of 
them  separately  by  rubbing  its  outer  side  on  the  stone  with  a  rotary  motion, 
as  if  sharpening  a  knife,  taking  care  to  hold  the  pen  at  a  small  angle  with 
.the  horizontal — almost  flat.  The  burr  on  the  inside  of  the  nibs  may  be 
removed  by  a  stroke  or  two  on  the  stone,  or  with  a  flat  file. 

477.  Use  of  Dividers.  Dividers  are  used  chiefly  for  divid- 
ing a  line  into  equal  parts  and  for  transferring  distances  from 
one  map  to  another,  or  from  one  part  of  a  map  to  another  part 
of  the  same  map.  They  should  not  be  used  for  transferring  rfts- 
tances  from  scale  to  paper — a  method  both  slow  and  inaccurate. 
Whenever  possible  use  the  scale  in  preference  to  the  dividers. 

Proportional  dividers  are  used  to  transfer  measurements  to  an 
enlarged  or  reduced  scale.  Thus  if  the  measurements  are  to 
be  reduced  one  third,  the  dividers  are  adjusted  so  that  any 
distance  included  between  one  pair  of  points  is  abwa:^^  <MNfc 
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third  of  the  distance  included  between  the  pair  of  points  ftt 
the  other  end  of  the  dividers. 

478.  Use  of  the  Compasses.  (1)  The  leads  that  come  with 
compasses  are  often  too  soft  for  accurate  work.  Cut  off  two 
inches  or  so  of  a  G-H  pencil,  take  out  the  lead,  sharpen  it  to  a 
fine  cone-shaped  point,  and  keep  it  sharp  by  rubbing  it  fre- 
quently on  a  file  or  sand-paper. 

(2)  Adjust  the  pivot-needle  so  that  it  will  be  right  for  the 
pen  and  do  not  disturb  it  thereafter,  but  adjust  the  lead  to  the 
pivot-needle.  The  shoulder  of  the  needle-point  will  then  be  at 
the  end  of  the  pen-point  or  the  pencil-point  when  the  compass- 
legs  are  together,  and  the  pencil  alone  will  need  readjustment 
from  time  to  time  as  it  wears  off. 

(3)  Bend  the  legs  of  the  compasses  imtil  each  is  perpendicular 
to  the  paper  when  the  arc  is  drawn,  especially  in  inking,  for  in 
no  other  way  can  the  nibs  of  the  pen  be  made  to  bear  evenly 
on  the  paper. 

(4)  Guide  the  pivot-needle  to  place  with  a  finger  of  the  left 
hand,  be  sure  it  is  set  before  starting  the  arc,  lean  the  com- 
passes a  little  in  the  direction  of  revolution,  let  the  handle  roll 
between  the  thvunb  and  forefinger,  ink  the  circle  with  one  con- 
tinuous motion,  and  stop  the  pen  at  the  end  of  one  revolution 
lest  the  line  be  made  uneven  by  further  inking. 

(5)  Use  bow-compasses  for  very  small  circles,  the  lengthen- 
ing bar  for  large  circles,  and  beam-compasses  for  circles  too 
large  to  be  drawn  with  ordinary  compasses. 

(6)  Note  that  the  directions  for  filling,  cleaning,  and  sharpen- 
ing the  ruling-pen  apply  to  the  compass-pen  also. 

479.  Use  of  the  Curve-ruler.  (1 )  It  is  assumed  that  points 
have  been  plotted  close  enough  together  to  determine  the  curve 
completely.  First  draw  the  curve  in  pencil,  using  a  hair-line 
and  noting  which  portions  of  the  curve-i'uler  are  used.  Ink  in 
small  portions  of  the  curve,  keeping  the  blades  of  the  ruling- 
pen  tangent  to  the  curve  by  tumiug  the  handle;  as  the  cm-ve- 
ruler  will  coincide  with  the  pencil  outline  fcr  a  short  distance 
only,  great  care  is  necessary  to  make  the  different  sections 
join  well.  To  insure  a  smooth  curve  it  is  well  to  let  the  edge 
of  the  ruler  coincide  with  a  small  portion  of  the  curve  beyond 
the  points  where  any  particular  section  is  begun  or  stopped. 

In  inking  narrow  ellipses,  parabolas,  and  similar  curves  with 
a  sharp  turn,  the  common  difficulty  is  to  avoid  a  slight  angular 
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break  in  the  curve  at  the  turn.  The  part  of  the  ruler  used  for 
one  side  of  the  bend  should  be  such  that  if  a  line  were  continued 
it  would  nearly  coincide  with  the  curve  for  a  short  distance  the 
other  side  of  the  bend,  so  that  when  the  ruler  is  reversed  for  the 
curve  on  the  other  half  of  the  turn  the  angular  break  referred 
to  should  not  occur.  A  small  portion  of  a  narrow  turn  can 
usually  be  drawn  better  with  the  bow-compasses  than  with  the 
curve-ruler. 

Flexible  curves  which  can  be  adjusted  to  any  curved  line, 
and  hard-rubber  splines  held  in  place  by  weights,  are  useful  for 
inking  curves,  especially  irregular  lines  and  those  of  gentle 
curvature.  These  curves  are  sold  by  dealers  in  drawing  instru- 
ments. 

480.  The  Use  of  the  Pantograph.  The  pantograph  is  an 
instrument  for  copying  drawings  to  the  same,  a  larger,  or  a 
smaller  scale.  The  theory  is  based  on  the  following  proposition : 
If  any  parallelogram  is  jointed  at  the  comers,  as  A,  C,  D,  and  E 
(Fig.  480),  and  the  four  sides  (produced  if  necessary)  are  cut  by 
a  straight  line,  the  four  points  thus  obtained  will  continue  to  lie 
in  a  straight  line  no  matter  how  much  the  angles  of  the  parallel- 
ogram may  be  changed.  Moreover,  the  distances  between 
these  points  will  remain  in  a  constant  ratio  to  each  other. 

In  the  pantograph.  Fig.  480,  two  of  the  sides  are  cut  by  the 
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straight  line  at  their  intersection  A,  while  the  other  two  are  cut 
at  F  and  B  respectively.  Hence  if  F  is  fixed  and  A  is  moved 
to  any  point  as  -4',  the  point  B  will  move  to  a  point  B'  in  a 
straight  line  with  F  and  A\  Moreover  FA:FB::FA':FB\ 
Hence  AA':BB'::FA:FB. 
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(a)  lUudration,  Suppose  the  parallelogram  is  adjusted  at  the  point! 
C  and  E  so  that  FB  =  2FA.  Then  if  a  point  is  moved  along  any  line  A  A' 
the  pencU  at  B  will  move  parallel  to  it  along  a  line  BE'  twice  the  length 
of  AA\  It  matters  not  whether  the  line  AA  is  straight,  curved,  or  irreg- 
ular, and  hence  if  the  point  A  is  moved  over  any  outline  a  pencil  at  B 
will  reproduce  a  similar  outline  twice  as  large.  Conversely,  if  a  point 
at  B  is  moved  over  any  outline  a  pencil  at  A  will  reproduce  a  similar  outline 
half  as  large.  If  A  is  made  the  fixed  point  and  either  F  or  £  is  moved  over 
any  outline  the  remaining  point  will  reproduce  a  similar  outline  of  the 
same  size,  but  in  an  inverted  position. 

?>)  To  set  the  pantograph.  (1)  If  the  original  drawing  is  tq 
be  enlarged,  put  the  pencil  at  B  and  the  tracing-point  at  A, 
and,  vice  versa,  if  the  drawing  is  to  be  reduced,  put  the  pencil 
at  A  and  the  tracing-point  at  B,  (2)  Whatever  the  setting, 
remember  that  the  portion  ACDE  must  form  a  parallelogram 
and  that  F,  A,  and  B  must  lie  in  the  same  straight  line.  (3)  Vari-. 
ous  pantographs  have  different  systems  of  marking  the  arms 
for  purposes  of  setting.  The  best  test,  however,  is  to  measure 
the  distances  FA  and  FB,  Thus  to  enlarge  three  times,  FB 
must  equal  ^FA;  to  enlarge  1}  tim^s,  FB^l^FA;  to  reduce 
1}  times,  FB=liFAf  and  so  on.  (4)  To  reproduce  exact  size, 
make  A  the  fixed  point,  and  FA  =  AB,  The  pencil  may  then 
be  put  at  either  F  or  B. 

G 
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(c)  Another  form  of  pantograph  is  shown  in  Fig.  480  (c).  Two 
sides  of  the  parallelogram  CDFE  are  cut  by  the  straight  line  at 
A  and  B,  while  the  other  two  sides  are  cut  at  F.  These  three 
points,  therefore,  are  always  in  the  same  straight  line  and  may 
be  used  exactly  as  the  three  corresponding  points  of  the  pre- 
ceding form  are  used.  The  portions  EG  and  GA  serve  simply 
to  stiffen  the  arm  CA, 

(d)  Remark.  In  both  of  the  forms  shown  one  of  the  three  working 
points  is  at  the  intersection ,  of  two  sides  of  the  parallelogram.  This  is 
ty  no  means  essential  so  long  as  the  three  working  points  lie  in  a  straight 
line  at  the  intersection  of  at  least  three  sides  of  the  jointed  parallelogram. 
It  is  evident  therefore  that  there  may  be  an  indefinite  number  of  different 
forms  of  the  pantograph.  The  two  shown  are  inexpensive  and  are  not 
jatended  for  accurate  work.  To  attain  any  considerable  degree  of  ao> 
curacy  one  o£  the  expensive  raetal  pantographs  must  be  used. 


CHAPTER  XXXVII 
DRAFTING-ROOM  METHODS  ♦ 

Iif  this^  chapter  general  directiocfl  and  suggestions  are  given  for  pencil- 
ing  and  inking,  for  mixing  inks,  for  laying  off  measurements  to  scale, 
for  section-lining,  for  tinting,  for  tracing,  and  for  making  blue-prints. 


481.  To  Fasten  the  Paper  to  the  Board.  Insert  a  tack 
in  one  comer,  make  the  paper  square  with  the  board  by  means 
of  the  T-square,  stretch  it  diagonally  across  to  the  other  comei 
and  insert  a  tack;  stretch  the  paper  diagonally  in  the  other 
direction  and  insert  tacks.  It  is  not  essential  that  the  paper 
should  be  square  with  the  board,  but  take  pains  to  stretch  it 
flat  and  smooth.  In  large  sheets  it  will  probably  be  necessary 
to  put  additional  tacks  along  the  edges.  Press  the  tacks  down 
until  the  heads  are  flush  with  the  paper,  so  that  the  T-square 
can  sUde  over  them;  if  one  should  interfere  with  the  work  at 
any  time,  it  may  be  temporarily  removed. 

(a)  Note.  In  certain  kinds  of  work  the  best  results  can  be  obtained 
only  by  stretching  the  paper  while  damp.  Moisten  the  whole  sheet  with 
the  exception  of  a  half-inch  border;  secure  this  dry  border  to  the  board  with 
mucilage,  beginning  at  the  ceuters  of  opposite  edges  and  leaving  the  corners 
until  last;  uso  a  sponge  in  smoothing  the  paper,  working  from  the  center 
out,  and  see  that  the  mucilage  is  set  before  the  body  of  the  paper  dries,  so 
that  the  latter  may  be  stretched  uniformly  by  its  own  contraction.  Cut 
the  paper  from  the  board  when  the  map  is  hnished,  following  the  edges 
around  successively  in  order. 

If  possible  keep  the  paper  in  flat  sheets.  If  kept  in  rolls  it  is  more 
difficult  to  make  it  lie  smoothly  on  the  board. 

482.  Precautions  to  Insure  Neatness.  (1)  Wipe  the  tri- 
angles and  T-square  free  from  dust  before  beginning  work — 
occasionally  the  triangles  should  be  washed.  (2)  Keep  the  paper 
clean  by  frequently  applying  a  brush  or  a  cloth — after  the  eraser 
has  been  used  never  proceed  with  the  work  imtil  the  leavings 

♦  This  chapter  is  taken  largely  from  a  similar  chapter  in  the  author's 
**An  Introductory  Course  in  Mechanical  Drawing"  (American  Book  Co.). 
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have  been  brushed  from  the  surface  of  the  paper.  (3)  After 
sharpening  a  pencil  on  sandpaper  wipe  the  lead  clean  with  t 
cloth — ^keep  the  sandpaper  away  from  the  drawing.  (4)  NeTer 
use  a  pencil  soft  enough  to  rub  or  blur. 

483.  Penciling.  (1)  Use  a  hard  pencil  and  draw  hair-Una, 
(2)  Draw  accurately  in  pencil,  for  accuracy  is  seldom,  if  ever, 
increased  in  the  inking  in.  (3)  Do  not  try  to  stop  pencil  lines 
at  exactly  the  right  place,  for  just  as  much  care  is  required  to 
make  the  ink  lines  stop  where  they  should,  whether  the  pendi 
lines  do  or  not.  It  saves  time  and  usually  makes  intersections 
and  comers  more  definite  to  let  the  pencil  lines  overrun  slighUyf 
the  projecting  ends  being  erased  after  the  whole  drawing  has  been 
inked.  Likewise  draw  a  pencil  line  a  little  longer  than  the 
distance  which  is  to  be  marked  off  on  it.  (4)  It  is  often  bett^ 
not  to  draw  a  construction  line  throughout  its  entire  length. 
For  example,  to  find  where  two  lines  intersect,  draw  an  inch  or 
so  of  one  line  near  the  estimated  point  of  intersection,  and 
rimply  cross  it  with  the  other.  In  drawing  lines  to  plot  cor- 
ners of  houses  or  other  details  the  approximate  pK>sitions  of 
points  may  be  estimated  and  only  so  much  of  each  line  dra^m 
as  is  really  necessary.  Many  similar  cases  occur  where  time 
would  be  wasted  and  unnecessary  erasing  caused  by  drawing 
entire  lines. 

484.  Inking.  (1)  As  a  rule,  do  not  begin  to  ink  until  the 
map  is  practically  completed  in  pencil.  (2)  Make  the  lines 
wide  enough  to  be  clear  and  distinct — the  tendency  with  be- 
ginners is  to  set  the  nibs  of  the  pen  too  close  together,  making 
the  lines  too  fine  and  often  ragged.  Keep  a  separate  piece  of 
paper  or  tracing-cloth  at  hand  for  testing  the  pen  to  see  if  lines 
are  of  the  right  width.  (3)  Hold  the  pen  nearly  vertical,  both 
nibs  bearing  evenly  on  the  paper.  (See  p.  440.)  (4)  Keep  the 
pen  sharp  and  in  good  condition,  so  that  it  will  begin  to  inkt 
line  the  instant  it  touches  the  paper;  no  pressure  should  be 
required.  (5)  Do  not  ink  too  close  to  the  edge  of  the  T-square 
or  triangle,  but  place  the  ruling  edge  so  that  it  does  not  quite 
coincide  with  the  pencil  line.  When  the  line  is  inked,  remove 
the  T-square  or  triangle  by  drawing  it  away  from  the  line  to 
avoid  blotting  or  blinring.  (6)  Get  into  an  easy  position  for 
inking  each  line,  keeping  the  ruling  edge  between  the  line  and 
the  body.     (7)  Never  push  a  pen  backward  over  a  line.     It  is 

difRcult  to  patch  up  a  ragged  line,  and  it  should  not  be  neces> 
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sary  if  the  pen  is  in  proper  condition;   occasionally  it  may  be 
necessary  to  go  over  a  line  a  second  time,  but  the  pen  should 
be  moved  in  the  same  direction  as  before,  great  care  being  taken 
not  to  increase  the  width  of  line.     (8)  Ink  in  circles  and  arcs 
of  circles  first,  as  it  is  easier  to  draw  straight  lines  tangent  to 
circles  than  to  draw  circles  tangent  to  straight  lines.     (9)  Ink  in 
top  or  left-hand  lines  first  and  work  from  the  top  down  or  from 
left  to  right  to  avoid  waiting  for  lines  to  dry.     In  inking  in 
small  details,  place  one  triangle  so  that  the  lines  to  be  inked  lie 
within  the  open  space  in  the  center;  a  second  triangle  can  then 
be  laid  across  the  first  and  used  as  a  ruler  in  any  direction  with- 
out blurring  wet  lines.     (10)  When  several  lines  meet  in  a 
point,  if  possible  ink  from  and  not  towards  the  point,  otherwise 
too  much  ink  will  gather  at  the  intersection  of  the  lines.    Allow 
one  line  to  dry  before  inking  another.     The  same  precautions 
are  necessary  in  inking  acute  angles.     (11)  In  inking  wide  lines, 
as,  for  example,  a  heavy  border,  draw  several  parallel  lines  of 
medium  width  about  their  own  thickness  apart  and  fill  in  be- 
tween with  another  set  of  parallel  lines  after  the  first  are  dry. 
This  is  better  than  drawing  two  outside  lines  and  filling  in 
between  all  at  one  time — a  method  that  often  leaves  a  large 
quantity  of  ink  which  warps  the  paper  and  takes  a  long  time 
to  dry.     (12)  Finally,  while  inking  keep  the  surface  of  the 
paper  clean,  watch  for  particles  of  dust  or  lint  in  the  path  of 
the  pen,  and  clean  the  pen  frequently. 

(a)  To  mix  Indionink:  Many  draftsmen  prefer  to  mix  their  own  ink 
from  Chinese  stick-ink  when  very  fine  and  sharp  lines  are  required.  This 
is  done  as  follows:  Place  as  little  water  in  the  saucer  as  will  suffice  for 
the  amount  of  ink  required.  Rub  the  end  of  the  stick  on  the  bottom  of 
the  saucer  with  a  rotary  motion  until  the  mixture  is  of  the  desired  density. 
The  liquid  will  appear  black  before  it  really  is;  to  get  it  just  right  test  it 
in  the  inking-pen — it  should  flow  readily  and  dry  quickly;  the  resulting 
line  should  be  jet-black,  and  ndt  easily  erased  or  blurred  when  dry.  If 
the  line  fades  as  it  dries  add  more  ink  to  the  mixture  from  the  stick.  If 
it  lacks  the  other  desired  properties  try  another  make  of  ink.  Chinese 
inks  vary  in  quality,  but  it  does  not  follow  that  the  expensive  kinds  are 
the  best.  Try  different  sticks  until  one  is  found  which  is  satisfactory. 
Wipe  this  dry  after  using  to  prevent  it  from  crumbling,  and  it  will  last  for 
a  long  time.  Observe  the  following  precautions:  Clean  the  saucer  before 
using;  avoid  dust  or  undissolved  particles  of  ink  in  the  mixture — they 
clog  the  pen;    keep  the  mixture  covered  when  not  in  use. 

485.  Erasing.  (1)  Avoid  erasing  pencil  lines  until  the  map 
is  inked.  If  the  eraser  must  be  used,  as,  for  example,  to  correct 
the  pencil  drawing,  brush  the  surface  of  the  paper  clean  before 
doing  anything  else.  (2)  If  the  eraser  does  not  of  itself  wear 
off  fast  enough  to  keep  clean,  rub  it  occasionally  on  the  drawing- 
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board.  (3)  Avoid  erasing  across  ink  lines,  rub  in  bdwma. 
Much  erasing  with  the  pencil-rubber  will  deaden  any  ink  line, 
destroying  the  sharp  black  effect.  (4)  In  erasing  ink  lines  lUB 
an  ink-eraser,  but  do  not  press  too  heavily  on  the  paper,  as  it 
injures  the  surface  for  further  inking.  For  the  same  reason  ft 
knife  should  be  used  sparingly,  though  it  is  useful  for  taking  oat 
short  portions  of  a  line  to  make  it  '' dashed''  when  it  has  been 
inked  in  full  by  mistake,  or  for  removing  the  surface  of  a  Mot 
before  applying  the  eraser.  (5)  If  the  surface  of  the  paper  has 
been  injured  in  erasing,  rub  briskly  with  a  clean  hard  substance 
until  the  paper  becomes  '* polished"  and  ready  for  the  ink 
(6)  To  erase  part  of  a  drawing  and  leave  adjacent  portionC^m* 
touched,  cover  the  part  not  to  be  erased  with  a  piece  of  stiff 
paper  or  a  triangle.  A  flat  piece  of  celluloid  or  cardboard  with 
a  narrow  slit  in  it  makes  an  excellent  erasing-shield  for  portioiu 
of  lines,  the  rubber  being  applied  through  the  slit.  (7)  A  spon^ 
rubber  or  crumbs  of  wheat  bread  can  be  used  to  clean  the  draw- 
ing when  it  is  finished.  (8)  For  erasing  and  cleaning  tracings, 
see  (12),  p.  452. 

486.  Laying  Off  Measurements  to  Scale^  (1)  Use  ft 
needle  for  pricking  off  distances.  A  handle  can  be  easily  made 
of  wood  or  sealing-wax.  Make  prick-marks  small,  and  draw 
free-hand  circles  around  them,  if  necessary,  to  keep  track  of  the 
points.  (2)  Get  the  eye  opposite  the  mark  on  the  scale  before 
pricking  the  point.  (3)  Do  not  lay  off  distances  with  the  com- 
passes or  dividers  when  the  scale  can  be  used.  (4)  Avoid  arith- 
metical work;  note  what  the  smallest  division  on  the  scale  r^ 
resents,  and  read  directly  from  the  scale.  (See  p.  440.)  (5)  In 
laying  off  several  successive  distances  along  a  line,  set  the  scale 
once  for  all  instead  of  moving  the  zero-point  up  each  time  to 
the  end  of  a  space  in' order  to  lay  off  the  next  space.  In  the 
latter  method  an  error  in  a  single  space  affects  all  succeeding 
spaces,  and  thus  errors  will  accumulate.  For  this  reason  it  is 
better  to  adopt  the  system  of  plus  distances  in  field  work.  (See 
note,  p.  139.)  (6)  Ordinarily  it  is  not  necessary  to  plot  a  point 
nearer  than  xJr  in.  Hence  if  the  scale  is  100  ft.  to  the  inch, 
plot  to  the  nearest  half  foot;  200  ft.  to  the  inch,  plot  to  the 
nearest  foot,  and  so  on.  If  the  scale  is  20  or  30  ft.  to  the  inch, 
by  using  the  "40"  or  "GO"  side  the  quarter  of  a  foot  may  be 
more  easily  estimated,  and  thus  distances  plotted  to  the  near- 
est  eighth  of  a  foot.     (7)  It  is  more  accurate  to  mark  off  the 
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nuliii£  of  a  circle  on  a  straight  line  each  side  of  a  point,  and 
open  the  compasses  until  the  circumference  of  the  circle  passes 
through  the  extreme  points,  than  to  take  the  radius  directly 
from  the  scale.  (8)  Form  the  habit  of  frequently  checking 
measurements  by  the  eye — large  errors  may  be  detected  usually 
by  simple  inspection.  For  small  errors  apply  the  scale  a  second 
time  where  there  is  the  least  doubt  of  accuracy.  Other  ways 
of  appljring  checks  should  suggest  themselves  to  one  familiar 
with  similar  checks  used  in  field  work.  (See  p.  494.)  (9)  A 
common  mistake  is  to  use  one  side  of  a  triangular  scale  when 
intending  to  use  another.  A  "scale-guard",  costing  but  a  few 
cents,  will  keep  the  scale  right  side  up  and  help  to  avoid  this 
common  error. 

(a)  Method  of  laying  off  plus  stations.  No  subtraction  is  neces- 
sary. Suppose  a  station  already  plotted  is  87+20  and  it  is 
desired  to  lay  off  the  distance  to  Sla.  GO +40,  using  a  scale  of 
1  in.  =  100  ft.  Let  the  zero  of  the  scale  represent  Sta.  87,  and 
set  the  mark  on  the  scale  which  represents  20  ft.  from  zero  at 
Sta.  87+20  on  the  paper;  then  Sta.  88  is  at  the  first  inch, 
Sta.  89  at  the  second  inch,  Sta.  90  at  the  third  inch,  and  40  ft. 
beyond  the  third  inch  is  Sta.  90  +  40. 

A  similar  method  may  be  used  for  any  scale,  although  the  100- 
ft.  stations  will  not  fall  on  the  inch-marks  to  any  other  scale. 
Thus  if  1  in.  =  200  ft.,  the  100-ft.  stations  fall  at  the  half-inch 
marks.  If  1  in.  =  30  ft.,  Sta.  88  in  the  above  illustration  would 
fall  at  the  point  on  the  30  scale  marked  10  (see  p.  440),  Sta.  89 
at  20,  and  Sta.  90  at  30. 

487.  Section-lining.  (1)  As  a  rule  draw  the  section-lines 
at  45°  and  from  fjf  in.  to  J  in.  apart — the  larger  the  area  covered 
the  farther  apart  the  lines.  (2)  Make  the  section-lines  finer 
than  ordinary  lines,  usually  about  as  fine  as  the  pen  will  draw. 
Ink  slightly  thinned  best  serves  the  purpose.  The  common 
tendency  is  to  make  section-lines  too  heavy  and  too  close 
together.  (3)  Do  not  draw  the  lines  in  pencil.  A  draftsman 
should  be  able  to  draw  the  lines  in  ink,  making  the  distances 
apart  equal  by  the  eye  alone,  but  the  use  of  one  of  the  standard 
section-liners  lessens  the  strain  on  the  eyes  and  is  a  surer  method 
of  securing  a  imiform  appearance. 

488.  Tinting.  (1)  Water-colors  are  used  in  tinting  maps. 
To  mix  the  tint,  place  as  much  water  in  the  saucer  as  will  suffice 
for  the  amount  of  tint  required.    Transfer  tint  itoxsi  Wv^  ^^iJfea 
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to  the  water  with  a  brush,  or  rub  the  cake  on  the  finger-aid 
held  in  the  water  until  the  mixture  is  of  the  required  density 

Note.  Use  a  camel-hair  or  sable  brush  similar  to  Keuffel  and  ESam'i 
No.  3121-14.  A  nest  of  saucers  for  mixing  different  tints  will  provs 
convenient. 

(2)  The  surfac^e  to  be  tinted  must  be  clean.  Avoid  as  far  u 
possible  all  pencil  lines  within  the  area  to  be  tinted:  if  drawn 
and  not  erased  they  can  be  seen  through  the  tint;  if  they  are 
erased  the  surface  of  the  paper  is  often  injured  and  a  smooth, 
even  wash  cannot  be  laid  on.  It  is  well  to  tint  before  inking; 
if  the  drawing  is  inked  first,  water-proof  ink  must  be  used.  The 
paper,  of  course,  should  be  stretched  flat  and  tight  oi  the 
board — if  necessary  the  edges  may  be  glued  (see  p.  445). 

(3)  Raise  the  rear  of  the  board  slightly  so  that  the  surface 
will  be  sloping — if  the  top  of  the  drawing-table  cannot  be  in- 
clined, block  up  the  board.  Fill  the  brush  from  the  surface  of 
the  tint  to  avoid  specks  in  the  bottom  of  the  saucer.  Small  par- 
ticles of  coloring-matter  transferred  to  the  paper  will  dissolve 
and  leave  small  blots.  Apply  the  brush  moderately  full  of 
tint  to  the  upper  left-hand  comer  of  the  area  and  draw  towards 
the  right.  This  should  leave  a  "pool"  of  tint  extending  across 
uhe  area.  This  pool  should  contain  enough  tint  so  that  it  wiD 
almost  but  not  quite  run  down  the  paper  of  itself.  The  secret 
of  success  is  to  coax  this  pool  down  the  paper,  keeping  it  mov- 
ing constantly  by  applying  the  brush  back  and  forth  from  side 
to  side,  not  allowing  the  pool  to  stand  in  one  place  longer  than 
in  another.  The  pool  must  be  kept  full  by  adding  tint  from 
time  to  time  with  the  brush.  The  tint  must  not  he  painted  on; 
it  is  not  even  necessary  to  touch  the  brush  to  the  paper.  The 
whole  operation  must  be  done  rapidly;  it  is  better  to  let  the 
brush  overrun  a  little  outside  the  outline  than  to  spend  so  much 
time  on  the  edges  that  tint  on  the  interior  soaks  in  or  dries  in 
streaks.  The  tint  outside  the  boundary-line  can  be  removed 
when  thoroughly  dry  by  covering  the  portion  not  to  be  erased 
with  a  shield  and  using  a  pencil-eraser.  In  laying  on  the  waeb 
do  not  go  over  the  same  place  twice  to  "touch  it  up";  it  will 
usually  make  it  worse.  When  the  pool  reaches  the  bottom  of 
the  area,  squeeze  the  brush  comparatively  dry,  and  use  it  like 
a  sponge  for  taking  up  the  surplus  tint,  working  rapidly  and 
drawing  the  brush  frequently  between  the  finger  and  thumb  to 
discharge  the  tint.    The   whole  surface  should  now  have  a 
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uniform  flat  tint,  free  from  streaks.  (4)  Better  results  may 
often  be  obtained  by  first  going  over  the  surface  with  clean 
water  exactly  as  in  tinting.  When  the  surface,  held  towards 
the  light,  ceases  to  glisten,  begin  to  lay  on  the  tint.  The  work 
can  be  done  a  little  more  leisurely  and  carefully  than  if  the 
surface  were  dry,  since  the  tint  is  not  absorbed  so  quickly  by 
the  paper  and  therefore  dries  more  slowly  and  evenly.  If,  on 
the  other  hand,  the  paper  is  too  wet  the  tint  will  run.  (5)  If 
a  deep  or  very  dark  tint  is  desired,  it  is  better  to  put  on  several 
successive  layers  of  a  lighter  shade,  waiting  each  time  for  the 
preceding  one  to  d!y,  than  to  attempt  a  single  dark  tint  at 
first.  The  tendency  is  to  make  the  colors  on  maps  too  deep 
and  striking. 

489.  Tracing.  (1)  Draftsmen  differ  as  to  whether  the  trac- 
ing should  be  made  on  the  rough  or  smooth  side  of  the  cloth. 
If  much  penciling  is  to  be  done  directly  on  the  cloth,  the  rough 
side  is  preferable.  It  is  easier  to  draw  clean-cut  lines  on  the 
smooth  side  and  it  is  also  easier  to  erase  them  if  necessary, 
though  erasures  are  more  noticeable  than  on  the  dull  side. 
Tracings  will  not  curl  or  roll  up  to  such  an  extent  if  ink  lines 
are  on  the  dull  side,  but  blue-prints  will  be  slightly  clearer  if 
the  lines  are  on  the  smooth  side.  When  different  portions  of 
the  map  are  to  be  colored  with  crayon  pencils,  the  ink  lines 
should  be  on  the  glazed  side  and  the  crayon  rubbed  on  the  back 
or  unglazed  side.  (See  p.  507.)  (2)  Tear  off  a  strip  about  half 
an  inch  wide  from  each  of  the  two  finished  edges  of  the  tracings 
cloth  and  then  pin  it  down,  stretched  tight  and  smooth  as  pos- 
sible. (3)  Sprinkle  the  surface  with  powdered  chalk,  and  rub 
it  off  with  a  cloth.  This  is  necessary  to  make  the  tracing-cloth 
take  the  ink,  especially  if  working  on  the  glazed  side.  Specially 
prepared  chalk  in  a  box  with  perforated  cover  may  be  had 
from  dealers,  but  dust  scraped  from  ordinary  school  crayon 
answers  the  purpose.  (4)  Make  sure  that  the  ruling-pen  is 
sharp — it  is  more  important  than  ever  that  the  pen  should  be 
in  good  condition.  (See  p.  441.)  (5)  Lines,  letters,  and  fig- 
ures should  be  made  slightly  heavier  on  tracing-cloth  than  on 
drawing-paper,  in  order  that  the  blue-print  may  be  clear.  It 
is  not  unusual  to  find  a  beginner  carefully  putting  on  almost 
microscopic  figures  with  a  crow-quill  pen.  Such  fine  work 
practically  disappears  on  the  blue-print.  Figures  above  every- 
thing  else  should  be  bold  and  clear ^  since  they  cannot  be  ^<^%jeid^ 
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at,  (6)  Erasures  should  be  made  very  carefully,  using  a  sharp 
knife  or  hard-rubber  ink-eraser  to  start  with  and  finishing  with 
a  soft-rubber  pencil-eraser;  too  much  erasing  wears  a  bok 
through  the  cloth.  After  erasing,  the  smooth  surface  should 
be  restored  before  inking  by  rubbing  with  soapstone,  otherwise 
the  ink  is  likely  to  spread  or  blot.  Many  expert  draftemen 
prefer  pimiice-powder  for  making  erasures  on  the  glazed  side 
of  the  cloth.  Dip  the  finger  into  the  powder  and  rub  over  parts 
of  the  drawing  which  are  to  be  erased,  replacing  the  discolored 
powder  at  frequent  intervals  until  a  perfectly  clean  surface  is 
obtained.  Of  course  a  rubber  may  be  used  in  place  of  the 
finger.  The  advantages  of  this  method  are :  It  is  quick,  erasures 
are  less  noticeable,  and  the  surface  is  left  in  good  condition  for 
inking.  Many  draftsmen  claim  that  pumice-powder  if  vigor- 
ously applied  is  better  than  prepared  chalk  for  preparing  the 
surface  of  tracing-cloth  to  take  sharp  unbroken  lines,  and  that 
in  addition  the  gloss  is  so  effectually  removed  that  pencil  lines 
for  alterations  may  be  readily  dra^-n  on  the  glazed  side.  (7)  If 
a  considerable  area  of  a  tracing  needs  to  be  altered,  it  is  possi- 
ble to  cut  out  a  portion  of  the  cloth  and  insert  a  new  piece  in 
its  place,  gluing  the  comers  or  edges.  This  can  be  done  very 
neatly.  (8)  Tracing-cloth  is  very  susceptible  to  moisture,  an3 
if  left  on  the  board  for  more  than  a  day  is  liable  to  become 
ruffled  and  imeven  from  expansion.  All  important  lines,  there- 
fore, should  be  traced  the  same  day,  if  possible.  (9)  If  tracing- 
cloth  is  of  poor  quality,  the  ink  is  liable  to  strike  through  and 
spread;  such  cloth  is  useless  for  tracing.  (10)  Red  ink  and 
colored  inks  in  general  do  not  give  pure-white  lines  on  blue- 
prints, but  they  are  used  for  dimension  lines  and  other  portions 
of  a  drawing  which  it  is  desirable  to  render  less  prominent. 
Never  use  d-nything  but  black  ink  for  dimensions  themselves 
or  for  other  important  data  on  a  map.  (11)  Tracing-paper  is 
often  used,  and  is  very  satisfactory  though  less  durable  than 
cloth.  Water-proof  ink  is  best  for  drawing  on  either.  (12)  To 
clean  a  tracing,  rub  the  surface  with  a  cloth  saturated  with 
naphtha  or  gasoline  (benzine).  This  will  remove  pencil  marks 
and  dirt  without  injuring  the  cloth  or  affecting  ink  lines  if  the 
ink  is  water-proof.  It  is  an  excellent  method  also  of  freshening 
the  color  of  old  and  much-handled  tracings. 

Remark.     Do  not  allow  water  to  touch  the  tracing — a  single  dcop  will 
take  a  spot  which  will  show  in  the  blue-print.     Ink  lines  may  be  entirely 
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XloVed  i^m  spofled  or  useless  tracing,  however,  by  soaking  or  boiling 
»  cloth  in  water,  leaving  a  clean  white  linen  which  is  useful  fcMr  many 
iposes  in  the  office. 

490.  Blue-printing,  (t)  Trim  as  many  sheets  of  blue-print 
tper  as  there  are  prints  required,  each  sheet  slightly  larger 
an  the  tracing,  but  not  too  large  to  go  inside  the  frame. 
eep  the  sheets  away  from  the  light.  (2)  Turning  the  frame 
itil  the  glass  side  is  down,  remove  the  back  boards  and  the 
ids.  (3)  Put  the  tracing  in  the  frame  with  the  ink  lines  next 
the  glass.  (4)  Place  the  blue-print  paper  with  the  yellow  or 
nsUized  side  next  to  the  tracing.  (5)  Insert  the  pad,  taking 
kins  to  make  the  tracing  lie  flat,  and  insert  the  back  boards. 
)  Turn  the  frame  over;  make  sure  that  the  tracing  is  free 
3m  wrinkles,  and  that  the  mk  lines  are  next  to  the  glass — if 
ley  are  not  words  and  numbers  will  read  backward.  (7)  Ex- 
>se  squarely  to  the  sun,  making  sure  that  no  shadows  fall 
:ross  the  glass.  (8)  After  exposure,  remove  the  paper  and 
Eish  thoroughly  in  water  until  the  greenish  solution  entirely 
sappears.  (9)  Allow  the  paper  to  soak  for  at  least  ten  min- 
es— twenty  is  better — and  then  hang  it  up  to  dry. 

(a)  Practical  auggestiona.  (1)  The  length  of  time  required  for  ex- 
Msure  varies  for  different  kinds  of  blue-print  paper.  In  a  bright  sun 
ith  quick  paper  from  20  to  30  seconds  will  suffice;  for  medium  paper 
le  to  three  minutes;  for  slow  paper  from  three  to  six  minutes.  The 
fest  way  is  to  test  a  new  roll  by  exposing  small  strips  until  the  correct 
ne  is  ascertained.     The  same  test  should  be  made  when  it  is  cloudy, 

when  the  paper  is  not  exposed  to  the  direct  sunlight,  for  of  course  the 
aaker  the  light  the  longer  the  exposure.  In  an  under-exposed  print 
e  blue  will  be  too  light;  in  an  over-exposed  print  the  blue  will  be  too 
irk  and  the  lines  will  appear  bluish  instead  of  pure  white.  (2)  To  get  a 
lod  print  it  is  important  to  keep  hairs  and  specKs  from  being  reproduced, 
le  stray  hairs  from  the  felt  should  be  carefully  dusted  from  the  glass, 
le  paper  and  the  tracing  should  be  in  perfect  contact,  pressed  smooth 
id  fiat  against  the  glass.  If  wrinkles  appear  when  the  frame  is 
med  over,  take  the  back  boards  out  and  hx  the  tracing-cloth.  Some- 
nes  the  trouble  is  caused  by  too  weak  or  too  short  springs  on  the  back 
>ardB  or  by  too  thin  a  pad  between  the  back  boards  and  the  paper.  (3) 
lUe-print  paper  may  be  exposed  to  the  light  in  an  ordinary  room  for 
veral  minutes  without  being  affected,  but  it  should  not  be  subjected  to 
rong  light  through  a  window.  It  is  safer,  especially  with  very  sensitive 
ipers,  to  pull  the  window-shade  down  and  work  in  subdued  fight  while 
acing  the  paper  in  the  frame,  (4)  In  washing  the  print  make  sure 
at  it  is  completely  immersed,  and  move  it  back  and  forth  or  splash  water 
'■er  it  so  that  the  chemicals  will  be  removed  from  all  parts  of  the  paper 

quickly  as  possible.  (5)  Keep  the  tracing  where  no  water  can  spatter 
I  it,  and  do  not  handle  it  with  moist  fingers.  A  drop  of  moisture  on 
e  cloth  will  make  a  spot  which  cannot  be  taken  out,,  and  which  will 
ow  in  every  subsequent  print.  (6)  Keep  blue-print  paper  in  a  dark 
y  place  until  wanted  for  use;  it  must  be  fresh  to  get  the  best  results; 
ith  old  paper  the  lines  will  be  gray  instead  of  white.  (7)  Various  white- 
k  mixtures  and  bleaching  solutions  are  used  for  making  corrections  on 
ue-prints;  a  solution  of  quicklime  and  water,  well  shaken,  is  fairly 
tisfactory.  White  lines  may  also  be  obtained  by  using  Chinese  white 
iter-color,  and  red  lines  by  using  scarlet- vermilion  water-color  (see  537  (o), 
507).  To  obliterate  white  lines  or  figures  go  over  them  withOi  VjVua  v^T' 
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NvU.    Print-frames  can  be  purchased  from  dealers  in  ensii 
plies.    Spring  clips  like  Keufifel  and  Esser's  No.  249-3  are  useful  for 
up  prints. 

(o)  To  prepare  hlue-print  paper.  Prepared  paper  for  blue>prints  ess 
be  purchased  in  rolls  of  different  widths  at  such  a  low  price  and  ol  sock 
excellent  <iuality  that  it  hardly  pays  to  prepare  it  for  oneself,  unless  a  larsi 
quantity  is  required.  If  it  is  desirable,  however,  to  make  it,  the  chemicM 
may  be  used  in  the  following  proportions: 

1  OS.  (weight)  prussiate  of  potash  in  5  oz.  water; 

1  oz.  (weight)  citrate  of  iron  and  ammonia  in  5  oz.  water. 

These  two  solutions  may  be  prepared  separately  in  the  light,  but  thcf 
should  be  minced  (in  equal  parts)  in  subdued  light  or  in  a  darkened  rpom. 
Apply  an  even  coating  to  one  side  of  hard  white  paper  with  a  soft  sponfi 
or  a  broad  thin  brush  and  hang  the  paper  up  to  dry.  The  proportions  of 
the  chemicals  in  the  blue-print  mixture  may  be  varied  considerably  wili* 
out  any  effect  except  to  change  the  time  required  for  exposure;  the  larger 
the  proportion  of  citrate  of  iron  and  ammonia  the  quicker  the  paper. 

Blue-print  cloth  may  be  prepared  in  the  same  way  as  blue-pnnt  paper. 

491.  Brown  solar  paper  is  a  process  paper  for  making  positive 
prints,  i.e.,  dark  lines  on  a  white  background.  The  process  is 
siniilar  to  blue-printing,  except  that  the  tracing  is  used  to 
print  a  negative  on  the  solar  paper,  and  this  negative  is  uad 
to  make  positive  prints  on  either  solar  or  blue-print  paper. 

(a)  To  make  the  negative  place  the  tracinfr  in  the  frame  with  the  ink 
lines  a^aine&  the  process-paper  instead  of  against  the  glass.  Expose  untfl 
the  paper  which  projects  from  underneath  the  tracing  is  a  dark  tsn 
color;  this  will  take  from  2  to  5  minutes  in  bright  sunlight  in  sumnur, 
nearly  twice  as  long  in  winter.  Wash  for  at  least  5  minutes  in  clear  water 
and  then  immerse  in  a  fixing-bath  composed  of  2  oz.  of  hyposulphite  of 
soda  to  one  gallon  of  water.  The  negative  should  be  left  in  the  bath  just 
long  enough  for  the  lines  to  become  white  and  the  background  a  auk 
brown;  if  left  too  long  it  may  become  mottled.  Some  prefer  to  f^>pty 
the  fixing  solution  with  a  brush,  especially  if  only  a  few  prints  are  desirad. 
After  the  negative  is  fixed  it  must  be  wa^ed  thoroughly  to  avoid  "hypK)" 
stains;  let  the  print  soak  in  clean  water  for  at  least  20  minutes — running 
water  is  desirable  though  by  no  means  essential.  Hang  the  negative  up, 
and  when  it  is  practically  dry,  roll  it  tightly  on  a  small  round  stick  Csudi 
as  comes  in  a  roll  of  tracing-cloth),  so  that  the  paper  negative  will  be 
smooth  for  printing  purposes.  Any  number  of  prints  can  now  be  made 
from  this  negative,  while  the  tracing  can  be  filed  away  and  kept  in  good 
condition,  one  advantage  of  this  process.  If  a  large  number  of  positive 
prints  are  required  more  than  one  negative  can  be  made,  so  that  sevml 
positives  can  be  printed  at  the  same  time,  another  advantage. 

(6)  To  make  positive  prints  place  the  negative  in  the  frame  with  ti* 
brown  side  next  to  the  sensitized  side  of  the  printing-paper,  not  against 
the  glass.  To  make  blue-prints  proceed  exactly  as  outlined  in  Art.  4901 
except  that  the  negative  is  used  in  place  of  the  tracing,  the  result  htkog 
blue  lines  on  a  white  background.  By  using  solar  paper  instead  of  bhM' 
print  paper,  brown  lines  on  a  white  background  may  be  obtained,  but  these 
prints  must  be  treated  with  a  fixing  solution  as  explained  above.  In  either 
case  corrections  in  pencil  or  ink  can  be  made  on  the  white  backgroond, 
another  advantage  as  compared  with  ordinary  blue-process  paper.  Cop* 
rections  on  the  negative  itself  may  be  made  by  blocking  out  unnecessaiy 
lines  with  black  ink  or  by  inserting  white  lines  by  means  of  a  bleadiing 
solution  furnished  by  the  makej*. 


CHAPTER  XXXVIII 
METHODS  OF  PLOTTING  ANGLES 

Five  methods  of  plotting  angles  are  given  in  this  chapter.     The  use  of 
these  methods  in  plotting  maps  is  explained  more  fully  in  the  next  chapter. 


492.  Five  Methods  of  Plotting  Angles.  (1)  By  the  pro- 
tractor, (2)  By  the  tangent  of  the  angle.  (3)  By  the  cosine  and 
sine  of  the  angle.  (4)  By  the  chord  of  the  angle.  (5)  By  lati- 
tudes and  departures  or  coordinates. 

493.  The  Protractor  Method.  There  are  various  forms  of 
protractors  in  common  use.  With  the  ordinary  form,  angles 
are  laid  off  as  follows:  (1)  Place  the  center  of  the  protractor 
exactly  at  the  point  which  is  to  be  the  apex  of  the  required 
angle,  and  at  the  same  time  make  the  zero-point  fall  on  the 
giv€ai  line  so  that  the  line  from  the  center  of  the  protractor  to 
the  zero-point  will  coincide  with  one  side  of  the  required  angle. 
(2)  To  get  the  other  side,  follow  around  the  circular  edge  of  the 
protractor  the  required  number  of  degrees  and  minutes  from 
zero,  and  make  a  fine  dot.  (3)  Draw  a  line  through  this  dot  to 
the  apex.  If  there  are  several  angles  to  be  laid  off  from  the 
same  line,  make  all  the  dots,  if  possible,  before  removing  the 
protractor  to  draw  the  lines. 

(a)  Practical  Uinta.  (1)  Make  sure  of  the  exact  center  of  the  protractor 
once  for  all,  by  means  of  the  following  test.  With  a  triangle  ana  T-square 
or  with  hair  dividers  construct  on  paper  two  in- 
tersecting lines  exactly  perpendicular  to  each 
other.  Place  the  protractor  so  that  the  0°  and 
the  180°  are  on  one  line  and  the  90°  on  the 
other.  Observe  carefully  what  point  of  the  pro- 
tractor coincides  with  the  intersection  of  the  two 
lines.  This  test  should  always  be  made  when 
using  any  protractor  for  the  first  time.  In  some 
of    tlie  semicircular    protractors    the    center    is  Fig.  493  (a), 

marked  by  a  nick,  the  bottom  of  which  is  often 

mistaken  for  the  center.     The  correct  and  incorrect  points  are  shown  in 
Fig.  493  (a). 

(2)  Accuracy  depends  largely  on  the  c 
correct  centering  of  the  protractor.  Thus 
if  in  Fig.  493  (b)  an  angle  is  to  be  laid  off 
at  B  from  a  line  AB,  produce  AB  bo  that 
the  180°  mark  can  be  used  in  centering  the 
protractor. 

(3)  On  most  protractors  there  are  two 
rows  of  numbers,  the  secon<l  increasing  from 
0°  to  180°  counter-clockwise  for  use  in  lay- 
ing off  angles  to  the  left. 


A    f.rvB  u 

a' 

1      ' 

Fia.  493  (5). 
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(4)  There  are  three  methods  of  laying  off  an  angle  greater  than  18(f, 
viz.:  1.  Subtract  180**  from  the  an^le.  lav  off  the  result  in  the  usual  mail* 
ner,  and  produce  the  line  thus  obtained  through  the  center.  For  ezaim>k^ 
to  plot  220**,  mark  off  40°  clockwise,  as  shown  in  Fig.  493  (6),  and  produce 
the  line  thus  obtained  through  B,  2.  Subtract  180°  from  the  angie,  place 
the  protractor  on  the  opposite  side  of  the  line,  and,  considering  180°  of  tihe 
angle  to  have  been  plotted  by  simply  producing  the  given  line,  plot  the 
remainder  with  the  protractor.  3.  Invert  the  protractor  as  in  the  pre- 
ceding method,  but  plot  360*  minus  the  angle  backward.  This  last  method 
involves  subtracting  degrees  and  mtnvtea,  and  hence  mistakes  are  more 
likely  to  occur  than  if  either  of  the  first  two  methods  are  used,        % 

(6)  Remark,  The  ordinary  protractor  is  seldom  divided  more  finely  than 
quarter  degrees,  and  hence  anything  less  than  15  minutes  must  be  esti- 
mated. Some  of  the  expensive  vernier  protractors  read  to  minut^,  but 
the  difficulty  in  plotting  to  such  a  degree  of  precision  is  in  properly  center- 
£ig  the  protractor.  Moreover,  unless  the  circular  arc  on  the  protractor  is 
large,  errors  are  likely  to  occur  which  render  it  nearly  impossible  to  ptot 
to  minutes  with  any  certainty. 


FiQ.  493  (c). 

(c)  Another  form  of  protractor  is  shown,  much  reduced 
in  size,  in  Fig.  493  (c).  (On  an  actual  protract  )r  the  circle  is 
subdivided  to  degrees  and  quarter  degrees,  but,  on  account  of 
the  small  size  of  the  cut,  these  subdivisions  are  not  shown  in 
the  figure.)  There  are  similar  protractors  on  the  market,  but 
many  draftsmen  prefer  to  make  their  own  as  follows:  (1)  Pur 
chase  a  Jull  circle  Bristol  board  protractor  about  14"  indianp 
eter.  Rule  lines  between  0°  and  180°,  and  between  90**  and 
270°,  thus  getting  the  exact  center.  (2)  Along  the  first  of 
these  lines  construct  a  scale  1"=50  ft.,  or  1"=40  ft.,  or  what- 
ever scale  is  to  be  used  in  plotting.  The  zero  of  the  scale  is  at 
the  center  of  the  protractor,  the  numbers  increasing  outward 
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in  either  directioiu  (3)  Number  the  ten-degree  marks  as  shown 
in  the  figure.  (4)  Cut  the  circular  protractor  in  two  parts  along 
ihiB  line  from  0**  to  180°,  leaving,  however,  a  small  V-shaped 
point  about  l'*  deep  as  shown  in  the  figure.  Better  results  may 
be  obtained  by  cutting  clear  across  with  a  machine  such  as  all 
bookbinders  have;  then  cut  a  small  depression  in  the  board, 
under  the  center,  half-way  through  the  back,  and  gum  a  thin 
piece  of  celluloid  into  it  to  form  the  V.  The  celluloid  may  be 
notched  slightly  to  receive  the  needle  about  which  the  pro- 
tractor revolves; 

{d)  To  use  the  paper  protractor.  Let  it  be  required  to  draw  a 
line  CB,  160  ft.  long,  and  making  an  angle  of  20°  clockwise  with 
CA.  Produce  AC  to  A',  stick  a  very  fine  needle  at  the  point 
C,  bring  the  comer  of  the  protractor  (center)  against  the 
needle,  turn  the  protractor  until  the  20°  mark  (outermost  row) 
is  on  the  line  CA\  and  mark  B  opposite  160. 

For  an  angle  over  180°  use  the  middle  row.  Thus  the  same 
setting  as  above  gives  ACD  200°  clockwise,  and  a  point  D  any 
distance,  say  220  ft.,  from  C, 

If  angles  counter-ciockwise  up  to  180°  are  desired,  use  the 
innermost  row.  Thus  the  same  setting  gives  ACD  counter'* 
clockvnse=  160°. 

(«)  Remark.  This  form  of  protractor  is  exceedingly  useful  in  plotting 
details  where  a  large  number  of  angles  and  distances  are  laid  off  from  the 
same  point,  for  it  serves  both  as  protractor  and  scale.  It  is  necessary, 
however,  to  construct  a  separate  protractor  for  each  different  scale,  but 
this  is  not  a  serious  drawback,  since  in  ordinary  work  less  than  half  a  dozea 
scales  are  conunonly  used. 

Notice  that  the  required  side  of  the  angle  is  always  found  along  the 
straight  edge  of  the  protractor.  The  fact  that  this  straight  edge  is  used 
as  a  scale  offsets  the  disadvantage  of  resetting  the  protractor  for  each 
an^e. 

(/)  Practical  avggeationa.     (1)  Fine  hair  lines  should  be  ruled  for  the 
scale.     Do  not  cut  the  Bristol  board  in  two  until  these  lines  have  been 
penciled    and  inked,  if  it  is  desired  to  ink  them.     Make  the  lengths  of 
marks   correspond   to   those   on   a   regular   scale. 
(S^p.  440.)     (2)  If  only  clockwise  angles  are.to  be 
plotted,  it  is  better  to  omit  the  innermost  row  of 
numbers,  otherwise  print  them  in  red  ink  to  avoid 
confusion  with  the  other  two  rows  which  may  be 

Erinted  in  black.  If  counter-clockwise  angles 
irger  than  180°  are  to  be  plotted,  a  fourth  row  of 
numbers  may  be  added.  (3)  Instead  of  sticking 
a  needle  into  the  paper  it  is  better  to  construct  a 
goose-neck  device  like  that  shown  in  Fig.  493  (/), 
the  space  between  the  needle-point  and  the  weight 
being  large  enough  to  permit  the  protractor  lo 
revolve.  The  needle-point  just  touches  the  pa^er, 
and  can  be  moved  to  any  desired  position  by  sim- 
ply sliding  the  goose-neck.  The  device  is  easily  FlO.  493  (/). 
made  of  brass  tubing,  filled  with  lead  just  over  the 
center  to  increase  its  stability,  and  with  a  wooden  plug  to  hold  t\i«  w^k^^. 
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494.  The  Tangent  Method  is  a  trigonometric  method  based 

upon  the  fact  that  in  any  right-angle  triangle  the  haseX  tangent'^ 
perpendicular.  The  steps  are  as  follows:  (1)  Mark  off  on  the 
given  side  of  the  angle,  beginning  where  the  apex  is  to  be,  a 
base  of  any  convenient  length,  say  8"  or  10"  or  12",  and  at 
the  end  of  the  base  erect  a  perpendicular  extending  toward  tbe 
required  side  of  the  angle.  (2)  In  a  table  of  natural  tangents 
look,  up  the  tangent  of  the  required  angle  and  multiply  this 
tangent  by  the  length  of  the  base,  8"  or  10''  or  12"  as  the  case 
may  be.  (When  there  is  room  the  base  is  usually  made  ten 
inches  so  that  the  multiplication  can  be  performed  by  changiDg 
the  decimal  point  one  place  to  the  right.)  (3)  Mark  off  the 
number  of  inches  obtained  from  (2)  on  the  perpendicular  erected 
in  (1)  and  join  the  point  thus  found  with  the  apex. 

(a)  When  an  angle  is  much  over  45°  the  tangent  becomes 
too  long  and  the  complement  of  the  angle  is  plotted  instead  of 
the  angle  itself.  If  the  angle  is  a  little  over  90°,  plot  90°  of  it 
by  erecting  a  perpendicular  and  the  balance  by  the  tangent 
method,  iising  the  perpendicular  as  a  base.  In  a  similar  man- 
ner any  large  angle  can  be  plotted  by  laying  off  a  portion  of  it 
either  by  erecting  a  perpendicular  to  tlie  given  line  or  by  pro- 
ducing that  line,  so  that  the  part  of  the  angle  remaining  to  be 
plotted  by  the  tangent  method  is  less  than  45°. 


-B* 


Required  Angle 

BAC=  34°  20' 
BAD=  70^49' 
BAE -=120°  58' 


Fia.  494. 

Angle  Plotted 

5AC=34°  20' 
B'A  D=  S0°  -  70°  49'  =  1 9= 
B'A E^\20°  5S'- 90°  =  30= 


11' 
58' 


FGH 
FGK 


157**  42' 
206°  09' 


JlfiVO-249«08' 
MNP''301''  26' 


F'G//  =  1R0°-157°  4  2' =  22°  18' 
F'GK  =  206°  09'  -  180°  =  26°  09' 

M'NO  =  270°  -  249°  08'  -  20°  52' 
ilf'iVP  =  301°  26' -270° -31°  26' 


Tangent 

0.683 
0.348 
0.600 

0.410 
0.491 

0.381 
0.61] 
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The  above  examples  indicate  how  the  method  is  used.  Notice  that  in 
every  case  except  the  firat  the  angle  actually  plotted  was  not  the  required 
angle,  but  the  tmeUleta  an^le  that  could  be  found  with  the  required  side 
eitber  by  producing  the  given  side  or  by  erecting  a  line  at  right  angles 
to  it. 

(a)  Practical  mooeUiona.  (1)  The  accuracy  of  this  method  depends 
very  largely  upon  the  correct  laying  off  of  perpendiculars.  If  a  triangle  is 
used  it  should  be  tested  for  its  right  angle.  (See  p.  439.)  In  using  the  tri- 
ansdle  to  erect  a  perpendicular  it  is  better  to  resort  to  one  of  the  sliding 
xnetbods  (p.  439)  than  to  depend  on  fitting  two  sides  of  one  triangle  to  a 
OO**  angle.  A  steel  square,  however,  mav  be  used  in  that  way,  and  is 
preferable  to  a  triangle,  but  it  also  should  be  tested. 

(2)  The  inches  laid  off  for  the  base  and  perpendiculars  are  of  course 
real  inches  and  not  to  any  scale.  As  scales  are  not  usually  divided  to  hun- 
dredths of  an  inch,  use  the  side  with  fiftieths.  Thus  in  the  first  illustra- 
tion 83  hundredths  equals  4H  fiftieths. 

(3)  If  there  is  not  room  for  a  10"  base  or  its  corresponding  tangent,  use 
c*  snorter  base,  say  .5"  or  8",  hut  he  mire  to  u»e  the  correeponding  length  for 
the  perpendicular.  Within  reasonable  limits,  however,  the  longer  the  base 
the  more  accurate  will  be  the  angle,  hence  a  20"  base  is  sometimes  used. 

(4)  After  plotting  an  angle  by  the  tangent  method  always  check  it  roughly 
"with  the  protractor. 

(5)  If  an  angle  is  known  to  be  wrong  and  no  mistake  can  be  found  in  the 
"work,  plot  the  angle  over  again,  using  a  new  length  of  base  and  its  corre- 
sponding length  of  perpendicular.  In  addition  it  may  be  well  to  plot 
from  some  other  direction,  i.e.,  plot  the  complement  or  supplement  of  the 
angle  if  possible,  thus  using  an  entirely  different  base  line.  This  is  usually 
equivalent  to  checking  by  measuring  the  cotangent. 

(6)  This  same  method  can  be  used  in  the  field  for  lading  off  angles  with 
the  tape.     Measurement.s  are  then  in  feet  instead  of  in  inches. 

495.  The  Cosine  and  Sine  Method  is  practically  a  modi- 
fication of  the  tangent  method.  The  cosine  of  an  angle  is  laid 
off  as  a  base,  and  the  sine  as  the  perpendicular.  The  hypothe- 
nuse  is  then  unity — a  useful  check. 

niuHration.  To  plot  34°  20'.  Cosine  =0.826,  sine  -0.564.  Lay  off  8.26 
inches  as  a  base  and  5.64  inches  as  a  perpendicular.  Check  by  seeing  if 
the  hypothenuse  is  exactly  10  inches. 

Ncte.  When  an  angle  is  much  larger  than  45**  its  complement  or  its 
supplement  may  be  plotted  as  in  the  tangent  method.  Most  of  the  prac- 
tical suggestions  given  for  the  tangent  method  apply  to  this  method  also. 

496.  The  Chord  Method.  In  this  method  the  angle  is  con- 
structed by  two  intersecting  arcs.  The  first  arc  is  of  any  con- 
venient radius,  say  5"  or  8"  or  10",  and  is  described  with  the 
vertex  of  the  required  angle  as  a  center.  The  length  of  the 
radius  of  the  second  arc  must  be  equal  to  that  chord  of  the 
given  angle  which  corresponds  to  the  radius  of 
the  first  arc. 

(a)  IlliLstration.  At  A  to  plot  an  angle  of  47®  8'  clock- 
vnae  from  AB.  With  .4  as  a  center  describe  an  arc  CD 
of  any  convenient  radius,  say  10".  The  chord  for 
47^  8'  for  a  unit  radius  is  0.7996  (found  by  one  of  the 
methods  given  below).  For  10"  the  chord  is  7.996", 
br  tor  practical  purposes  8"  long.  With  C  as  a  center 
and  with  a  radius  of  8",  describe  a  second  arc  FO 
hitersecting  the  first  at  Z>,  a  point  which  determines 
<ibe  angla 


B 


/^•. 

.w*^. 

-Ju- 

G^^^T*^^ 

'D 

Fio. 

406  (a). 
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(&)  To  find  the  chord  length.  Take  from  a  table  of  chords  the 
chord  for  the  required  angle  for  a  unit  length  and  multi|dy  by 
the  length  of  the  radius  of  the  first  arc.  If  a  table  of  chords  is 
not  at  hand  look  up  in  a  table  of  natural  sines  the  sine  of  half 
the  required  angle  and  multiply  by  twice  the  length  of  the 
radius  of  the  first  arc.  (For  the  chord  of  any  arc  is  equal  to 
the  radius  of  that  arc  multiplied  by  twice  the  sine  of  half  the 
subtended  angle,  or  chord  =  radius  X  (2  Xsine  i  angle)  =  2  Xradiw 
Xsine  i  angle.     Draw  a  figure  showing  this  to  be  true.) 

lUuMraiion.  In  Fig.  496  (a)  one  half  the  required  angle  is  47°  8'-t-2- 
23°  34'  natural  sine  of  23°  34' » 0.39982.  and  20 X. 39982 » 7.9964 --length 
of  chord.     ^8"  is  near  enough.) 

(c)  Practical  Buggestions.  (1)  The  accuracy  of  the  work  d^>ends  upon 
the  precisiQii  with  wliich  the  arcs  can  be  drawn.  An  arc  of  IC' radius  ft^n 
be  drawn  with  ordinary  compasses  if  the  lengthening  bar  is  used,  but  it 
takes  time  to  set  the  compasses  at  exactly  10",  and  it  is  sometimes  difficult 
to  keep  them  there  until  the  whole  arc  is  completed.  A  better  way  is  to 
keep  beam  compasses  set  at  exactly  10",  and  to  use  them  only  for  drawing 
tne  first  arc  of  each  angle.  Then,  instead  of  describing  a  second  arc,  find 
the  chord  by  trial  with  a  scale;  place  the  zero  of  the  scale  where  one  end 
of  the  chord  must  be,  and  knowing  the  length  of  the  chord,  fit  the  scale 
in  place  and  thus  find  the  point  on  the  first  arc  where  the  other  end  <rf 
chord  must  be.  If  beam  compasses  are  not  at  hand,  use  a  straight  stick 
with  a  needle  at  one  end  for  a  pivot,  and  a  very  hard  lead  at  the  other, 
sharpened  to  a  fine  point.  Be  sure  that  the  distance  between  the  needle 
and  the  point  of  the  lead  (which  should  be  exactly  10")  cannot  change  while 
describing  an  arc.  By  exercising  a  Uttle_  ingenuity  beam  compasses  of 
this  kind  can  be  made  with  a  device  for  adjusting  the  lead  slightly  to  keep 
it  exactly  10"  from  the  needle-pomt.  ■ 

(2)  If  a  radius  of  b"  is  used  the  natural  sine  of  half  the  angle  is  multi- 
plied by  2  X  o  =  10,  which  simply  changes  the  decimal  point.  T^e  objection 
to  this,  however,  is  that  for  accurate  work  the  first  arc  should  have  a  radius 
greater  than  5".  If  8"  or  9"  or  12"  is  used  it  is  more  convenient  to  multi- 
ply the  sine  by  two  and  then  by  the  radius  8"  or  9"  or  12",  as  the  case 
may  be.  When  there  is  rooni,  however,  use  a  radius  of  10",  multiply  the 
sine  by  2,  and  change  the  decimal  point  one  place.     If  the  fiftieths  on  the 

scale  are  used  it  is  not  necessary  to  multiply 

the  sine  of  half  the  angle  by  two;  simply 

-q"    ",.,-jf— *^  ^    change  the  decimal  point  thrw  places,  call  the 

A^ —     t\  result  fiftieths,  and  read  directly  from  the 

K  /  I  scale,  adding  of  course  a  cipher  to  the  num- 

/  \  *  /     '  her  printed  on  the  scale. 

/    \  "v      /  Illustration.     At  A  to  plot  an  angle  of  128° 

/       \       ^/      '  ^^'  clockunse  from  AB.     From  A  as  a  cmter 

/  \        /     /  describe  an  arc  of  10"  radius.     Plot  90°  of 

/    833     \    ^'    ^/  the  required  angle  by  erecting  the  perpen- 

>V      60       \/^'''  dicular  AC.     Half  of  the  remaining  angle  is 

D7^"---r-^c  (128°  55'-90°)-^2  =  19°  27.5'.      The  sine  of 

/       38^55'       \  19°  27.5'  is  0.33312.     Hence  with  the  aero  of 

the  scale  at  C  find  the  point  D  where  the  333 
Fio.  496  (c).  mark  (fiftieth)  comes,  i.e..  the  required  chord 

is  0.333 X2X 10  =  ?8S=Vo.      (This  is  really 
6.66".) 

(d)  Large  angles.  The  largest  angle  that  can  be  laid  ofif, 
using  the  ordinary  scale,  is  73®  46',  for  the  sine  of  half  that 

-vi^/e  Is:  sine  of  36°  53' =  0.60019,  and  hence  the  chord  equals 
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600  fiftieths  or  the  limit  of  a  12"  scale.  For  any  angle  between 
73°  46'  and  90°,  erect  a  perpendicular  and  plot  the  complement 
of  the  required  angle.  In  a  similar  manner  any  angle,  no  mat- 
ter how  large,  can  be  plotted  by  either  erecting  a  perpendicular 
if  the  angle  is  nearest  90°  or  270°,  or  by  producing  the  original 
line  if  the  angle  is  nearest  180°.  See  Fig.  494,  p.  458,  for  par- 
allel cases. 

(e)  Erecting  perpendiculars.  If  two  sides  of  a  right  triangle 
are  each  10''  long,  the  hypothenuse  is  14.142"  long,  i.e.,  the 
chord  of  90°  is  1.4142.  Hence,  if  desired,  perpendiculars  can 
be  erected  by  the  chord  method,  as  ijidicated  in  Fig.  496  (c). 
Keep  a  straight  edge  with  two  fine  scratches  14.14"  apart 
especially  for  that  purpose.  It  is  convenient  to  have  these 
marks  on  the  beam  compass  or  on  the  straight  stick  used  in 
place  of  the  beam  compass. 

497.  The  Latitude  and  Departure  Method  consists  in 
plotting  points  by  coordinate  distances  corresponding  to  lati- 
tude and  departure.  While  it  is  seldom  used  for  laying  off  a 
single  angle,  it  is  of  great  value  in  plotting  a  series  of  connected 
lines,  especially  if  they  form  a  polygon,  as,  for  example,  the 
transit  lines  of  a  survey  wiiich  closes.  This  method  will  be 
explained  in  defail  in  the  next  chapter. 

498.  Methods  Compared.  (1)  The  ordinary  protractor 
should  not  be  used  for  plotting  lines  much  longer  than  the  radius 
of  the  protractor,  if  more  than  medium  accuracy  is  required. 
With  the  expensive  vernier  protractors  angles  can  be  laid  off 
to  the  nearest  minute,  but  ordinarily  fifteen  minutes  is  as  close 
as  the  protractor  can  be  read.  The  protractor  is  used  for  plot- 
ting short  lines  to  relatively  unimportant  points,  as,  for  example, 
in  plotting  the  angles  at  a  transit  station  to  the  comers  of  build- 
ings, fences,  and  other  points  a  short  distance  away.  For  the 
trans* t  fines  some  other  method  is  usually  used  unless  a  vernier 
protractor  is  at  hand. 

(2)  The  tangent  method,  (3)  the  cosine  and  sine  method,  and 
(4)  the  chord  method  are  all  good  methods,  and  each  has  its  ad- 
vantages over  the  others.  In  the  first  two  methods  the  diffi- 
culty fies  in  quickly  and  accurately  erecting  perpendiculars;  in 
the  chord  method  it  lies  in  drawing  arcs  correctly  and  making 
their  intersection  perfectly  definite.  All  three  methods  require 
the  use  of  trigonometric  tables,  with  the  attending  danger  of 
blunders  in  looking  up  the  values  of  functions. 
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(9  Latitule  and  departure  method.  See  p.  47G  for  advantage' 
and  disadvantages. 

499.  The  Three-point  Problem.  Given  three  points,  A, 
B,  and  C,  whose  relative  positions  are  determined  by  the  two 

distances  n  and  o  and  the  in- 
terior angle  M.     Let  N  and  0 
represent  the  values  of  the  an- 
gles at  Pj  a  point  to  be  plotted. 
(a)  Graphic  method.     (1)  Plot 
the  two  angles  N  and  O  on  t^M^• 
ing-cloth,  making  the  lengths  of 
the  lines  PA,  PB,  and  PC  in- 
definite.    (2)  Shift  the  tracing- 
cloth  over  the  drawing  until  each 
of  the  three  lines  passes  through 
the  plotted   position  of  the  corresponding  point.     (3)  Prick 
through  the  point  P. 

A  three-arm  protractor  should  be  used  in  place  of  the  tracing- 
cloth  if  there  are  many  points  to  be  located.  Each  arm  is  set 
to  correspond  to  a  line  radiating  from  P. 

(h)  Plane-table  methods.     (See  pp.  329  to  336.) 
(c)  Algebraic    method.     Let    J?=X-f  r=360**-(Jlf +J\r+0) 
Then 

n  sin  X    o  sin  Y 


Fio.  496. 


x= 


sin  O 


sin  jV 

sin  F=sin  R  cos  X— cos  R  sinX, 

(n  sin  O  \ 

o  sin  N  cos  R       /  ' 


cot  X=  cot  R 


\q  sin  N  cos  R 

The  angle  Y  may  be  found  in  a  similar  manner.  Plotting 
these  two  angles,  the  lines  AP  and  CP  intersecting  determine  P. 

(d)  Nate.  The  problem  is  indeteiminate  when  A,  B,  C,  and  P  are  on  the 
circumference  of  a  circle,  i.e.,  when  Af  +  iV  +  0«  180°.  When  N-i-O'^M 
or  nearly,  the  solution  is  impossible. 


CHAPTER  XXXIX 
BIETHODS  OF  PLOTTING  TRAVERSES 


For  every  method  of  running  traverses  explained  in  Chapter  XII,  p.  11 6» 
there  is  a  corresponding  method  of  plotting.  Distances  between  stations 
are  laid  off  to  scale  and  angles  or  bearings  are  plotted  by  one  of  the  methods 
g^ven  in  the  preceding  chapter.  The  different  steps  for  each  method  are 
outlined  in  this  chapter,  without  entering  upon  the  practical  details  of 
mapping.  Such  questions  as  the  choice  of  scale,  the  general  arrangement 
of  the  map,  the  accuracy  required,  and  the  best  methods  of  plotting  details 
are  discussed  in  the  next  chapter. 


500.  Different  Methods  of  Plotting  Traverses,  corre- 
sponding to  the  methods  of  running  transit  lines  given  on  p. 
119,  are: 

f  1.  Plotting  each  traverse  line  by  a  direct  angle, 


"■{',. 


Plotting  each  traverse  line  by  a  deflection  angle 

Plotting  each  traverse  line  by  its  azimuth, 
Plotting  each  traverse  line  by  its  bearing. 


In  addition  there  is  a  fifth  method: 

5.  Plotting  traverses  by  coordinates  or  latitudes  and 

DEPARTURES. 

In  each  of  the  first  four  methods  the  angle  at  each  station 
may  be  plotted  by  means  of  the  protractor,  or  by  the  tangent 
method,  or  by  the  chord  method,  or  by  the  cosine  and  sine 
m,ethod. 

501.  Importance  of -Traverse  Lines.  Since  the  traverse 
lines  form  the  basis  of  the  whole  map,  they  must  be  plotted 
with  the  greatest  care,  using  fine  hair  lines.*  On  a  small  scale 
map,  say  1"  =  200  ft.,  a  line  drawn  with  a  soft  or  poorly  sharp- 
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eneil  pencil  may  easily  be  from  one  to  two  feet  wide  measured 
to  scale,  hence  use  a  6-H  pencil  sharpened  to  a  fine  wedge,  and 
a  needle  to  prick  the  points. 

Where  a  high  degree  of  precision  is  required  an  ordinary  pro- 
tractor should  not  be  Tised  for  plotting  traverse  lines.  It  is  incoii' 
sistent  to  measure  angles  in  the  field  to  the  nearest  minute,  and 
then  to  plot  them  with  a  protractor  which  reads  only  to  half 
degrees,  especially  if  tiie  Unes  between  stations  on  the  map  are 
more  than,  say,  five  inches  long.  Of  course  there  are  many 
cases  where  the  protractor  will  give  results  consistent  with  the 
accuracy  required,  but  its  chief  use  is  in  plotting  details,  and 
in  roughly  checking  angles  plotted  by  some  other  method. 
Even  with  vernier  protractors  it  is  difiie\Jt  to  attain  a  high 
degree  of  precision,  though  angles  can  be  plotte/i  very  rapidly 
with  it,  and  much  more  accurately  than  with  un  ordinary  pro- 
tractor. 

502.  The  Use  of  the  Protractor  in  plotting  direct  an^eB, 
deflection  angles,  bearings,  and  azimuths  requires  no  explaoft' 
tion  in  addition  to  that  given  on  p.  455.  The  line  from  which 
the  angle  is  plotted  should  always  be  extended  beyond  the 
station  to  aid  in  centering  the  protractor  (see  p.  455),  and  occa- 
sionally a  fine  at  right  angles  is  drawn  in  order  that  the  90® 
mark  on  the  protractor  may  be  used  for  centering  in  addition  to 
the  0°  and  180°  mark. 

Remark.  In  studyinj?  the  remainder  of  the  chap*.er  keep  in  mind  the 
fact  that  wherever  the  tangent  method  or  the  chord  method  is  used  for 
plotting  an  angle,  the  protractor  can  be  used  also,  provided  a  high  deg^ree 
of  precision  is  not  te<iuired.  Likewise  the  cosine  and  sine  method  can  be 
used  if  desired  in  place  of  the  tangent  method,  but  the  two  are  so  neaiiy 
alike  that  the  former  is  not  explained  in  this  chapter. 

503.  Plotting  Each  Transit  Line  from  the  Preceding 
Transit  Line.  This  method  consists  simply  in  plotting  the 
angle  at  each  station  by  the  protractor  method,  by  the  tangent 
method,  by  the  chord  method,  or  by  the  cosine  and  sine  method, 
the  distance  between  stations  being  laid  off  with  a  scale.  When 
the  angle  is  a  large  one  it  may  be  necessary  to  plot  its  comple- 
ment or  supplement  as  explained  on  page  458. 

In  order  to  start  the  map  some  traverse  Hne  must  be  drawn 
from  an  assumed  point,  and  its  length  laid  off  to  scale.  The 
direction  in  wliich  it  is  drawn  and  the  position  of  the  assumed 
point  depend  upon  the  general  arrangement  of  the  entire  map. 
(See  p.  490  for  directions  for  starting  the  map.) 
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(a)  TANQENT  METHOD 


Table  I 


Angle      Value     Line    Length 


Angle  Plotted 


FAB 

56*»44' 

AB 

ABC 

258*30' 

BC 

BCD 

31*56' 

CD 

CDE 

150»36' 

DE 

DBF 

6r48' 

EF 

EFA 

154**  26' 

FA 

404  90°-   66**  44' -33*  16' 

312  270*-258*30'-ll*»30' 

550  31*  56' 

386  180*>  - 150°  36'  -  29*»  24' 

407.8  90**-  67*  48'-^22*»  12* 
454.2 


Tangent 

0.6560 
0.2034 
0.6232 
0.5635 
0.4081 


JUuatration.  Fig.  503  (a).  Before  beginning  to  plot,  Table  I  was  pre- 
>afCKi;  the  first  four  columns  were  taken  from  the  field  notes,  the  fifth 
mluran  gives  the  angles  to  be  actually  plotted,  and  the  last  column  gives 
^he  corresponding  natural  tangents. 
Thus  the  draftsman  has  before  him 
Ul  the  data  necessary  to  plot  the  lines. 
[n  preparing  the  fifth  column  the  fact 
was  kept  in  mind  that  the  tangent 
methocf  is  best  adapted  to  plotting 
angles  of  45**  or  less.  (See  p.  458.) 
Hence  at  A  and  D  complements  of  the 
angles  taken  in  the  field  were  used,  at 
D  the  supplement,  at  B  270  minue  the 
angUf  but  at  C  the  original  angle  was 
ased,  since  it  was  less  than  45°.  In 
the  original  drawing  from  which  the 
figure  was  reduced  the  work  was  as 
follows:  Since  no  bearings  were 
given,  the  line  AF  was  assumed  in 
any  convenient  direction  and  its 
length  laid  off  to  scale.  A  perpen- 
dicular at  A  was  erected  and  the  com- 
plement of  jPAB -=  90°-56°  44'- 
33°  16'  was  plotted.  Ten  real  inches 
were  used  as  a  base  and  from  Table  I 

6.56"  was  the  length  of  the  tangent.  Thus  a  point  on  AB  was  found,  AB 
drawn,  and  its  length  laid  off  to  scale.  The  angle  at  B  is  nearly  270°, 
hence  a  perpendicular  was  erected  at  B.  270°  -  258°  30' - 1 1  °  30'.  and 
since  258°  30'  is  lees  than  270°  the  angle  11°  30'  must  be  plotted  back- 
wards oi*  counter-clockwise  from  the  perpendicular.  The  dotted  lines 
indicate  how  the  tangent  method  was  used  for  plotting  the  remaining 
EinGcles.  The  plot  closes  if  the  last  liiie  passes  through  F,  and  the  distance 
EF  scales  correctly.  If  another  check  is  desired  the  angle  at  F  may  be 
tested  by  producing  EF  and  meadurinK  the  perpendicular  at  a  point  10" 
Prom  F.  in  this  case  the  distance  EF  came  out  one  foot  too  long  to  a 
iif  ale  of  1"  •=  50'  0".  The  tangent  measured  4.78",  which  correspond?  to 
25°  32',  to  25°  33',  and  to  25°  34'.  The  correct  angle  is  180°- 154°  26'- 
25°  34'. 

Remark.     As  pointed  out  on  p.  458,  although  any  base  may  be  used,  10" 
is  the  most  convenient  length. 


Fio.  503  (a). 


Angle 

FAB 
ABC 
BCD 
CDE 
DEF 
EFA 


Value 

56°  44' 
258°  30' 

31°  56' 
150°  36' 

67°  48' 
154°  26' 


(6)    CHORD   METHOD 

Table  II 
Line  Length  Angle  Plotted  Angle +  2 


AB 
BC 
CD 
DE 
EF 
FA 


404 

312 

550 

386 

407.8 

454.2 


56°  44' 
11°  30' 
31°  56' 
29°  24' 
67°  48' 
25°  34' 


28°  22' 
5°  46' 
15°  58' 
14°  42' 
33°  54' 
12°  47' 


Sine 

.4751 
.1001 
.2750 
.2538 
.5578 
.2213 


Chord 

9.50 
2.00 
5.50 
5.08 
11.16 
4.43 


lUuetratton.    Before  beginning  to  plot,  Table  TI  was  prepared;   the  first 
Four  columns  were  taken  from  the  field  notes  and  the  Vaat  lout  ^«c^  «A.^«^ 
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Fig.  503  (6). 


for  puipoaes  of  plotting.  In  preparing  the  fifth  column  the  fact  was  kepi 
m  mind  that  in  the  cburd  method  it  ia  more  convenient  to  use  ansles  lea 
than  73°  (p.  460).  Thus  at  D  the  iujyplement  of  the  angle  taken  in  tlw 
field  was  used,  while  at  B  270°  minus  the  angle  was  the  most   oonveoini 

angle  to  plot.  At  A,  C,  and  B  thi 
original  angles  are  less  than  73°.  H 
a  table  of  chords  is  at  hand  the  nni 
column  is  unnecessary. 

The  line  AF  was  assumed  to  start 
with.  An  arc  of  10"  radius  deecribed 
from  A  as  &  center,  and  the  oorre- 
Bponding  chord  9.5"  (from  Table  II), 
gave  a  point  on  AB,  The  distanoe 
to  B  was  laid  off  to  scale,  a  p«pen* 
dicular  at  B  was  erected,  the  ande 
11°  30*  (270°-25S°  30'.  see  Table  m 
was  plotted,  and  the  direction  of  BC 
was  thus  obtained.  The  dotted  lines 
in  the  figure  indicate  how  the  arcs  and 
chords  were  used  in  a  similar  way  to 
plot  the  remaining  angles.  If  the  last 
line  passes  throu:^  F  and  tfte  dittana 
EF  is  correct,  the  plot  closes.  The 
angle  at  F  can  be  measured  if  an  additional  check  is  desired.  The  dis- 
tance EF  came  out  a  little  less  than  407  instead  of  407.8  to  a  scale  of  1"» 
50'  0".     The  chord  me  sured  4.43,  showing  the  angle  to  be  correct. 

Remark.  Any  radius  may  be  used  in  the  chord  method,  but  10*^  Is  the 
unost  convenient  length,  especially  when  the  fiftieths  on  the  scale  are  vtui 
as  suggested  on  page  460. 

(c)  Checks.  Never  lay  off  an  angle  by  the  tangent  or  diovd 
method  without  checking  it  roughly  with  the  protraeto. 
When  a  traverse  is  plotted  by  direct  angles  an  excellent  dieck 
is  to  compute  the  bearings  of  all  the  lines,  and  at  every  fourth 
or  fifth  station  measure  the  angle  of  bearing  of  the  line  that 
starts  from  that  station.  If  the  survey  is  a  closed  traverse,  it 
is  only  necessary  to  check  this  angle  roughly  with  the  protrae- 
tor,  otherwise  check  it  carefully  by  the  tangent  or  chord  method. 
(See  p.  494  for  additional  directions  for  checking  traverses.) 

lUustraHon.     Let  the  bearing  of  AB^S   55    0' E.     The  calculated  !)«»• 
ing  of  DE  would  be  N.  26^  02'  E.     Draw  a  meridian  a:  A  making    W  if 
with  AB.     Through  D  draw  a  parallei  meridian,  and. see  if  the  an£le  irii^ 
it  makes  with  DE  is  26-  02' 

Remark.     A  check  like  the  above  is  more  necessary  in  a  mnrev 
a  large  number  of  stations. 

504.  Plotting  by  Deflection  Angles.  This  method  ik  n 
modification  of  the  preceding  method.  It  corresponds  to  th6 
method  of  running  transit  lines  given  on  page  120,  and  is  used 
for  lines  which  progress  more  or  less  in  one  direction,  as  It 
railway  work.  The  deflection  angle  at  each  station  is  plotted 
by  the  protractor  method,  by  the  tangent  method,  or  by  the 
chord  method,  preferably  the  latter.  A  mistake  to  be  avoided 
is  that  of  plotting  the  angle  on  the  wrong  side  of  the  transit 
line  produced.  As  some  angles  are  measured  to  the  right  and 
Botne  to  the  left,  this  mistake  is  likely  to  occur. 
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(a)  CHORD  METHOD 

Table  III 

k-        Deflection  Angle 

^.  Sta.   Right      Left      Line  Length  Ang.  Plot.  Ang.  +  2  Sine   Chord 

AB  210.1 

B   34»18'                    BC  255.6  34*  18'  !?•  09'  .2948  .5.90 

C                   fA^2fy    CD  321.1  64*  20^32*  10'  .5324  10.66 

i>   70*48^                    DE  342.8  13**  12'     ©•  36'  .1149  2.30 


Fio.  504  (a). 

DiMtmtum.  The  first  six  columns  in  Table  III  are  the  field  notes. 
)  last  four  were  added  for  purposes  of  plotting.  Fig.  504  (a)  studied  in 
Election  with  these  last  four  columns  wul  illustrate  the  method  of  plot- 
;  when  chords  are  used. 

h)  Checks  are  the  same  as  those  given  for  the  preceding 
thod.  As  this  method  is  used  most  often  for  surveys  that 
not  dose,  lines  should  be  checked  very  carefully  by  calcu- 
ed  bearings  at,  say,  every  fourth- station. 
>05.  Plotting  by  Bearings.  This  method  consists  in  plot- 
g  each  line  by  laying  off  its  angle  of  bearing  from  a  line 
umed  aa  a  north-and  south  meridian.  The  protractor,  the 
>rd  methodj  the  tangent  method,  or  the  cosine  and  sin* 
thod  may  be  used  for  laying  off  the  angle  of  bearing. 

Jate      Except   n  compass  =-urveying  ihe  heannoa  laid  off  are  always  ol 
i^cd  b€artnf,8   lound  by  the  method  explained  in  Chapter  XXX.     Somt 
,es  thess  bearings  are  calculated  from  the  true  bearin<5  of  some  travers 
J,  sometimes  .'rem  the  mof^nevc  bearing.     When  no  bearings  are  given 

bearog  of  some  traverse  line  is  assumed,  and  the  corresponding^  bear- 
3  of  the  others  calculated.     These  bearings,  though  fictitious,  will  give 

true  relative  positions  ot  the  different  stations. 

Lny  adjustments  of  angles  which  may  be  necessary  (see  p.  478)  should 
made  before  the  bearings  are  calculated,  and  the  adjusted  values  used  in 

calculations. 

[1)  There  are  two  general  methods  of  procedure.  In  the 
jt,  all  bearings  are  plotted  from  the  same  line  and  afterwards 
,nsf erred.  (2)  In  the  second,  lines  parallel  to  the  assumed 
ridian  are  drawn  through  all  the  stations,  and  the  bearing  of 
}h  traverse  line  is  plotted  from  the  meridian  at  the  station 
m  which  the  traverse  line  starts.  In  either  method  it  is  con- 
lient  to  assmne  the  meridian  at  right  angles  to  the  T-square, 
,  a  vertical  line,  with  the  north  point  9-t  tVve  \x)^  ol  \>:l^  xasa:^. 
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Sometimes,  however,  it  is  desired  to  assume  the  meridian  in 
some  otiier  position,  thus  making  the  east-aud-weet  line  obliqiH 
to  the  T-square.  In  such  cases  it  is  convenient  to  use  a  T- 
square  with  an  adjustable  head  so  that  the  edge  of  th«  blade 
may  be  made  to  coDcide  with  an  east-aad-west  line  when  the 
head  is  in  contact  with  the  left-hand  edge  of  the  boafd.  (Set 
Caution,  p.  473.) 

The  first  method  (plotting  lines  from  the  same  meridian)  wiS  ; 
be  explained  in  detul,  both  for  the  tangent  and  the  cbofd  '■ 
method  of  plotting  bearings. 

(a)   TANQBNT   METHOD   OP   PLOTTINQ   BEABINaB 

Construct  near  the  center  of  the  paper  a  20"  equare  and 
subdivide  it  into  four  10"  squares.  This  must  be  done  with 
accuracy,  and  the  large  and  small  squares  tested  by  measuring  . 
the  diagonals.  There  is  no  use  in  proceeding  farther  uatil  tbs  ' 
diagonals  of  the  20"  square  are  equal,  the  sides  each  20"  long, 
and  the  diagonals  of  all  the  10"  squares  equal  to  each  other. 
Aasuming  the  vertical  line  tlirough  the  center  of  the  20"  square 
as  a  north- and-south  line,  each  of  the  10"  squares  will  oorrs- 
spond  to  one  of  the  four  quadrants  of  bearing,  N.E.,  S.E.,  8.W-, 
and  N,W.  Plot  the  bearing  of  each  line  of  the  surve/  by  meas- 
uring ten  times  the  natural  tangent  of  the  bearing  (or  if  the 
bearing  is  over  45°,  the  complement  of  the  bearing)  along  » 
side  of  that  10"  square  which  corresponds  to  the  quadrant  <A 
bearing.  The  direction  of  each  line  of  the  survey  thus  obtained 
may  be  transferred  to  its  proper  place  in  the  plot  by  any  of  tba 
accurate  methods  of  drawing  one  line  parallel  to  another  {p> 
«9). 
B«mark.  Some  other  length  Uiaa  30"  could  be  used  for  tha  aide  of  tk* 
■  rge  square,  but.  as  pointed  out  oa  pM> 
».  IW'  a  the  most  cooveaient  buMbf 
hich  to  multiply  the  ustutal  tarunBl, 
lUulTBlwn.  In  Fi)t.  605  (a)  tb^  t>u- 
I  lines  of  pass  465  are  plotted  Inm 
sarings  usmg  the  tangent  method.  Tit 
I  AB  if  not  knonn  may  ba  b- 
1  any  convenient  bearing,  and 
ngs  of  the  other  liaes  c^cutoMl 
igles  (Chap.  XXXli 
le  the  outtiDe  wiO  bj 

illuBtnition,  however,  the"b«rring  if  AB   ■ 
vas  known  to  be  B,  55°  E.     The  foUw 
inc  table  wa*  pteptnd  for  plottlns. 
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B  rv 


fA, 


Bearinc  Length 

8.  55"    C   E.  404 

8.  23' sew.  312 

N.  65'  26'  K.  S.W 

N.  36°02'  E.         3SS  

N.  86"  10' W.  <07.8         W.    3 

8.68°  lO"  W.  454.2         W.  21' 


Ansle  PJotMd  Tangent 
.7U02 
.4348 


E.  35" 
B.  23°  r 
E.  34°  i 


Tlw  lattsn  In  the  fourth  column  t«li  how  to  lay  oB  Uie  tangent.  Thui 
%  S4'  34'  N,  means  to  meuurs  tha  cntnepanding  taagaat  (0.680)  from 
E,  towards  N. 

Each  dotted  line  in  Fig.  505  (a)  mu  determined  by  the  natural  tanEenC 
o(  the  eorroeponding  angle  io  the  fourth  column  of  the  table.  Thuj  AB 
V  E.  35*  8.,  hsHce  measure  down  T.O"  Along  the  righl-haDd  side  <jf  the 
20"  square.  beranQing  at  the  coiddlo  point,  which  represents  the  essl.  BC 
it  a.  23°  Sty  W7  hence  from  the  middle  of  the  lower  aide  measure  4.34  (or 
better  4.35)  westward.     In  (his  manner  the  dirtaioai  of  all  the  lines  in 

Each  Jina  in  the  perimeter  of  the  polygon  may  now  be  drawn  parallel 
to  the  corresponding  dotted  line,  k  start! ne-point  A  having  been  aa- 
sumed  (eee  p.  4011,  AB  was  drawn  panllet  to  tha  corresponding  line 
in  the  S.K.  quadrant,  and  401  feet  to  scale  gave  B.  Through  B.  BC  was 
drawn  parallel  to  the  corresponding  Ime  in  tbe  S.W.  quadrant,  and  312 
feet  tn  scale  gave  C.     The  final  position  of  each  transit  line  was  deter- 


(6)  A  modified  method  of  jetting  beanngs  by  natural  tangents 
is  to  draw  near  the  center  ot  the 
paper  a  10"  square  instead  of  £ 
20"  Hquare,  using  the  right-hand  < 
^de  for  a  north-and-south  line 
when  a  bearing  is  N.W.  or  S.W. 
and  the  left-hand  side  of  the  square 
for  a  north-and-south  line  when  a 
bearing  is  N.E.  or  S.E.  Thus  one 
square  is  made  to  answer  for  all 
four  quadrants  of  bearing.  Fio.  505  lb), 

(C)   CHORD    METHOD   OF   PLOTTINa    BGARINQS 

Proceed  as  follows:  (1)  Near  the  center  of  the  paper  draw  a 
circle  exactly  20"  in  diameter.  (2)  Through  its  center  draw  a 
nortb-and-soutli  line  and  an  east-and-west  line.  (3)  Make  sure 
that  these  two  lines  are  mutually  perpendicular, — the  four 
chords  should  be  exactly  equal  to  each  other  and  each  equal  to 
14.14".  (i)  Prepare  a  table  similar  to  that  below.  (5)  Plot 
each  line  in  its  proper  quadrant  by  using  the  chord  value  of  ita 
bearing.  (6)  Transfer  each  line  in  order  to  its  proper  position 
in  the  plot  by  any  of  the  acciuate  methods  of  drawing  one  lioa 
parallel  to  another. 
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Remark.  A  circle  of  some  other 
eter  could  be  used,  but  10"  is  the  most 
convenient  radius,  especially  if  the  fif- 
tieths on  the  scale  are  iised  as  susgestad 
on  p.  460. 

Illustration.  In  Fiff.  505  (c)  the  BamB 
survey  as  plotted  in  the  preceding  exam- 
ples is  shown.  If  no  bearings  were  taken  in 
the  field,  one  may  be  assumcxi  for  one  of 
the  lines  and  the  bearings  of  the  other 
lines  calculated.  In  that  case  none  of 
the  lines  will  be  in  its  correct  po6itiai» 
but  the  ouUine  of  the  figure  will  be  eoi^ 
rect,  which  in  many  cases  is  all  that  is 
wanted.  In  the  illustration,  however, 
AB  was  known  to  be  S.  55°  E.  The  fol- 
lowing table  was  prepared  for  plotting. 

Table  V 
Line        Rearing        Length      Angle  Plotted    Angle-«-2    Sine     Chmd 


Fio.  505  (e). 


AB  S.  55*'    0'  E.  404 

BC  8.  23°  30' W.  312 

CD  N.  55°  26'  E.  550 

DE  N.  26°  02'  E.  386 

EF  N.  86°10'W.  407.8 

FA  8.  68°  16' W.  454.2 


8.  55°  0'  E. 
8.  23°  30'  W. 
N.  55°  26'  E. 
N.  26°  02'  E. 
W.  3°  50'  N. 
S.  68°  16'  W. 


27°  30' 
11°  45' 
27°  43' 
13°  01' 
1°55' 
34°  08' 


.4617 
.2036 
.4051 
.2252 
.0384 
.5611 


9.23 
4.07 
9.30 
4.50 
0.67 
11.22 


The  dotted  lines  radiating  from  the  center  of  the  circle  in  Fig.  505  le) 
were  plotted  by  laying  ofiF  the  chords  given  in  the  last  column  of  the  table. 
Thus  AB  is  S.  55°  O'  E.,  hence  from  the  Ic^er  end  of  the  vertical  diameter 
lay  ofif  a  chord  easterly  of  9.23".  BC  is  S.  23°  30'  W.,  hence  lay  off  a 
chord  from  thp  same  point  westerly  of  4.07'*.  In  this  manner  the  diiee- 
tions  of  all  the  lines  in  the  survey  were  determined. 

Each  line  in  the  perimeter  of  the  polygon  was  then  drawn  paralld 
to  the  corre8i>onding  dotted  line.  A  starting-point  .4  having  been  assumed 
(see  p.  491;,  AB  was  drawn  parallel  to  the  corresponding  line  in  the  S.E. 
quadrant,  and  404  feet  to  scale  gave  B.  Through  B,  BC  was  drawn  par- 
allel to  the  correspondinc;  line  in  the  S.W.  quadrant,  and  312  feet  to  scale 
gave  C.  The  final  p-Tsition  of  each  transit  line  was  obtained  in  a  similar 
manner. 

(d)  A  modified  method  of  plotting  hear- 
ings by  chords  is  shown  in  Fig.  505  (d). 
The  four  quadrants  occupy  the  same 
space,  otherwise  the  method  is  unchanged. 
This  method  may  be  used  when  a  2(V' 
circle  will  not  come  within  the  limits  of 
the  paper  and  it  io  not  desirable  to  use  a 
radius  of  less  than  10".  The  dotted  lines 
in  the  figure  correspond  to  the  transit  lines 
in  Fig.  505  (c). 

(e)  A  second  method  of  plotting  hearings  by  tangents  or  chords. 
In  this  method  instead  of  plotting  the  bearings  of  all  the  transit 
lines  from  one  north-and-south  line,  the  bearing  of  each  line  is 
plotted  from  a  north-and-south  line  drawn  through  the  statioii 
at  the  beginning  of  the  line.     Otherwise  the  method  is  the  same 

ne  the  preceding  one.     In  this  laethod  errors  are  less  likely  to 


Fio.  505  (d). 
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occur  in  drawing  parallel  lines,  but  more  work  is  involved  in 
the  plotting. 

Another  method  sometimes  used  for  large  maps  is  to  draw  a 
rectangle  which  shall  include  as  much  as  possible  of  the  map 
and  at  the  same  time  be  divisible  into  ten-inch  squares.  The 
bearing  of  a  line  starting  from  any  station  may  then  be  laid 
o£f  in  the  square  nearest  the  station  and  afterward  transferred 
to  the  station.  If  the  outside  rectangle  is  carefully  checked 
and  the  squares  are  laid  off  entirely  by  measurement,  the  errors 
due  to  the  use  of  T-square  and  triangles  are  avoided.  (See 
Caution,  p.  473.) 

(/)  Checks,  The  angle  at  each  station  should  be  checked 
roughly  with  the  protractor,  or  if  the  Burvesy  is  not  a  closed 
traverse,  more  accurately  by  the  tangent  or  by  the  chord 
method.  When  lines  have  been  plotted  by  bearings  there  is  no 
check  which,  if  applied  at  any  station,  will  check  all  of  the 
previous  courses.  This  is  one  objection  to  this  method  of 
plotting,  since  if  each  angle  must  be  checked  by  some  accurate 
method,  that  method  might  as  well  be  used  to  start  with.  The 
method  of  plotting  by  bearings  is  best  suited,,  therefore,  for 
closed  traverses  where  it  is  sufficiently  accurate  to  check  angles 
with  the  protractor.  (See  p.  494  for  additional  directions  for 
checking  traverses.) 

506.  Plotting  by  Azimuths.  The  method  is  practically 
the  same  as  that  given  for  plotting  bearings.  The  only  differ- 
ence is  that  the  angle  plotted  at  each  station  is  the  azimuth  of 
the  next  line  instead  of  the  bearing.  The  checks  are  similar  to 
those  given  above. 

507.  Plotting  Transit  Lines  by  Latitudes  and  Depar- 
tures. This  method  consists  in  selecting  one  of  the  stations  as 
a  reference-point  (origin)  and  plotting  each  of  the  other  sta^ 
tions  by  its  total  distance  east  or  west,  and  its  total  distance  north 
or  south  of  the  reference-point  (origin).  These  two  coordinate 
distances  by  which  each  station  is  plotted  are  obtained  from  the 
latitudes  and  departures.  For  purposes  of  plotting,  it  makes 
no  difference  which  station  is  chosen  for  a  reference-point;  it 
is  well  to  select  the  most  westerly  station,  especially  as  this  is 
done  when  areas  are  computed  from  the  latitudes  and  departures. 

Ncte.  Except  in  compass  surveys  the  bearings  used  in  computing  lati- 
tudes and  departures  are  always  calculated  bearings,  based  upon  a  mag- 
netic, a  true,  or  an  assumed  meridian,  and  upon  the  adjusted  or  final 
values  of  traverse  angles.     (See  note,  p.  467.) 
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Latitudes  and  departures  may  also  be  calculated  direcUy  from  asinnllM 
(see  p.  387),  and  the  above  holds  true  for  azimuths  as  well  as  for  bearinfi. 

(a)  2'o  determine  which  is  the  most  westerly  station  :  This  can 
usually  be  done  by  inspection  of  the  bearings.     Start  witii  airf 

line  and  follow  around  the  survey  until  th« 
station  is  reached  where  the  bearing  changm 
from  W.  to  E.  Thus  if  AB  is  N.E.,  BC  \s 
S.E.,  CD  is  S.W.,  DE  is  S.W.,  EF  is  N.W., 
and  FA  is  N.E.,  without  consulting  the  figun 
at  all  it  is  seen  from  the  bearings  that  F  \\ 
Fig  507  (a).  ^^®  most  westerly  station,  because  at  F  th« 

lines  stop  running  west  and  begin  to  run  east 
When,  however,  there  are  two  such  points  where  lines  change 
from  west  to  east,  as,  for  example,  if  F  in  Fig.  507  (a)  were  at 
F',  it  is  sometimes  necessary  to  add  up  the  departures  each 
way,  starting  from  some  easterly  station.  Thus,  if  the  sum  of 
the  departures  of  CB  and  BA  is  greater  than  the  sum  of  the 
departures  of  CD  and  DE  then  A  is  the  most  westerly  station, 
otherwise  E  is  farther  west  than  A.  A  still  better  method, 
especially  when  there  are  a  large  number  of  sides  to  the  poly- 
gon, is.  to  start  with  any  station  as  an  origin,  and  find  by  a 
preliminary  tabulation  similar  to  the  last  column  on  page  474, 
the  total  departure  of  each  station  from  the  assumed  origin. 
The  station  having  the  largest  minus  departure  is  the  most 
westerly  station. 

(6)  General  method  of  plotting  by  latitudes  and  de- 
partures. 

(1)  CJompute  and  tabulate  the  latitudes  and  departures  of  all 
transit  lines.     (See  p.  389.) 

(2)  Add  to  the  table  three  columns  for  plotting,  headed  re- 
spectively Station^  Total  Latitude^  Total  Departure, 

(3)  Choose  the  most  westerly  station  as  a  point  of  reference 
or  origin.  Its  total  latitude  and  its  total  departure  (its  two 
coordinates)  are  both  zero. 

(4)  With  this  station  as  an  origin,  compute  the  two  codrdi- 
nate  distances  for  each  of  the  other  stations  in  turn  as  follows: 
Add  algebraically  the  latitudes  of  all  traverse  lines  passed  over 
in  going  from  the  origin  to  the  required  point;  this  will  give 
one  coordinate,  the  total  latitude.  Add  algebraically  the  de- 
partures of  these  same  lines;  this  will  give  the  other  coordinate, 
the  total  departure.    Enter  the  result  for  each  station  in  the  last 

two  columns. 
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(5)  Find  the  size  of  the  rectangle  *  which  just  encloses  the 
survey,  i.e.,  the  most  westerly  station  will  be  on  the  left-hand 
side  of  the  rectangle,  the  most  easterly  station  on  the  right- 
hand  side,  the  most  northerly  on  the  upper  side,  and  the  most 
southerly  on  the  lower  side.  The  largest  total  north  latitude 
in  the  plotting  column,  plus  the  largest  total  south  latitude, 
will  be  one  side  of  the  rectangle;  since  there  is  no  total  west 
departure  in  the  plotting  column  the  largest  total  departure 
east  will  be  the  other  side  of  the  rectangle. 

(6)  Draw  the  rectangle  to  the  scale  chosen  for  plotting  the 
map.  Check  it  by  measuring  each  side,  and  by  seeing  that  the 
diagonals  are  equal.  The  accuracy  of  the  whole  map  depends 
upon  the  accuracy  of  this  rectangle, — it  is  worth  while  to  get 
it  right  to  start  \idth.     (See  suggestion  (3),  p.  475.) 

(7)  Locate  each  transit  station  by  its  two  coordinate  dis- 
tances. Measure  from  the  two  nearest  sides  of  the  rectangle,  sub- 
tracting if  necessary  values  in  the  table  from  the  lengths  of  the 
corresponding  sides  ol  the  rectangle. 

(8)  Connect  the  transit  stations  by  fine  lines  and  measure  the 
length  of  each  transit  line  to  see  if  it  checks  with  the  length  used 
in  calculating  the  latitudes  and  departures.  (See  also  additional 
check,  p.  475.) 

Caution.  The  object  in  measuring  from  the  two  nearest  sides  in  (7)  is 
to  reduce  the  errors  likely  to  arise  when  the  T-square  is  used  for  projecting 
a  point  any  considerable  distance  across  the  drawing-board. 

In  very  acciu-ate  work  it  is  better  not  to  rely  upoA  the  T-square  and 
triangles  but,  having  made  sure  that  the  rectangle  is  correct,  to  proceed 
as  follows:  Find  bv  measurement  a 
point  on  the  east  side  of  the  rectangle 
exactly  opposite  the  station  used  as  the 
origin,  and  draw  an  east-and-west  line 
from  the  origin  to  this  point  for  use  as  a 
reference-line  in  measuring  latitudes.  To 
plot  any  station,  lay  on  its  total  de- 
parture twice,  once  along  the  north  side 
of  the  rectangle  and  once  along  the  south 
side.  On  the  line  between  the  two  points 
thus  obtained,  lay  off  ihe  total  latitude 
of  the  station,  north  or  south  as  the  case 
may  be,  measured  from  the  east  and  west 
referenccj-line. 

(c)  Illustration,  For  the  sake  of  sini- 
plicity  whole  numbers  are  used  for  lati- 
tudes  and   departures   in    the   following 

illustration.     Since    the    values    of    the  c^^  /  x 

bearings  and  the  lengths  of  the  lines  do  *IG.  607  (c;. 

not  enter  directly  into  the  plotting,  they 
are  purposely  omitted. 
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*  The  author  prefers  to   use  this  rectangle  for  measuring   coQrditva.t«» 
in  place  of  two  coordinate  axes  through  the  most  weaierYv  aVa^Wow. 
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Latitude       Departure  Total    Told 

Line       Bearing  Length  North  South  East  West   Station    Lat.     Dqi. 


+ 

— 

+ 

— 

AB 

N.-E. 

19 

9 

B 

+  4 

50 

BC 

8.-W. 

8 

25 

C 

-   4 

35 

CD 

N.-W. 

16 

15 

D 

+  12 

10 

DE 

S.-W. 

12 

10 

E 

0 

0 

EF 

S.-E. 

14 

11 

F 

-14 

11 

FG 

S.-W 

14 

5 

G 

-28 

0 

GA 

N.-E 

13 

35 

A 

-15 

41 

48 


48 


55 


55 


(1)  The  latitudes  and  departures  are  first  computed  and  tabolatecL 

(2)  The  headings  of  the  last  three  columns  are  entered  as  shown. 

(3)  Running  the  eye  down  the  second  column  it  is  seen  that  eitho*  E 
or  G  must  be  the  most  westerly  station.  Art.  507  (a).  Adding  departures 
from  B  to  E  (25+ 15  + 10)  =50;  from  B  to  G  =  9  +  35  =  44.  Hence  ^  is 
6  feet  farther  west  than  G.     Tae  coordinates  of  E  are  0  and  0. 

(4)  Coordinates  of  the  other  stations  from  E  as  the  origin  are  found  as 
follows:  Latitudes:  F=-14.  G=  -  14  +  (- 14)  = -28.  A= -28  +  13- 
-15.  B--15+19=+4.  C=+4+(-8)  =  -4.  Z>=-4+16  =  +  li 
^=  +  12  +  (-12)=0  (check).  The  departure  coordinates  are  F-U. 
G  =  ll  +  (-5)=6.  A=6  +  35=41.  5  =  41  +  9  =  50.  C  =  50+(-25) -25. 
D  =  25  +  (-15)  =  10.     ^  =  10  +  (-10)=0  (check). 

(5)  In  the  column  of  total  latitudes  the  largest  north  latitude  is  12; 
the  largest  south  latitude  is  28,  hence  one  side  of  the  rectangle  is  12+28» 
40  feet.  The  other  side  of  the  rectangle  is  equal  to  the  largest  total  de- 
parture or  50  feet.     Size  of  rectangle  is  40  feet  by  50  feet. 

(6)  Draw  the  rectangle  to  scale,  and  check  it  by  measuring  its  sidM 
and  diagonals. 

(7)  Jjocate  the  origin  E.  It  is  on  the  western  side  of  the  rectangle,  a 
dittance  from  tht  top  equal  to  the  largest  total  latitddb  north*  12  feet. 
In  this  case  this  distance  happens  to  be  the  latitude  of  ED  also.  Cheek  E 
by  me&suring  its  distance  from  the  lower  side  of  the  rectangle;  it  ^ould 
be  equal  to  the  largest  total  latitude  south  =  2!i  feet.  Locate  each  of  the 
other  stations  by  its  coordinates,  mea.suring  as  far  as  possible  along  the 
lides  of  the  rectangle.  Thus  to  locate  C  make  a  point  4  feet  below  E  on 
^he  west  side  of  the  rectangle,  and  another  point  on  the  north  side  25  feet 
from  the  comer  and  draw  projecting  lines  from  these  two  points  as  indi- 
cated. For  any  station  remote  from  E  as  A,  it  may  be  more  conv^iient 
and  more  accurate  to  measure  from  the  two  nearest  sides. 

(8)  Test  the  length  of  every  tratuU 


82B.B 


ig  42L9 


line  by  scaling  it.     Test  also  the  ande 
DEF.     (Why?)     See  Art.  507  (f). 

id)  Illustration.  In  Fig.  507  (d) 
the  tran.«!it  lines  already  plotted  by 
the  other  methods  are  plotted  by 
latitudes  and  departures.  The  actual 
measurements  used  are  given  on  the 
figure.  Station  D  was  located  by  the 
departure  of  D^  =  169.4  and  by  the 
latitude  of  CD =312.0,  because  these 
two  distances  were  more  convenient 
to  use  than  the  two  coordinates 
given  in  the  table.  Similar  modifi- 
cations of   the  method   will   become 


L.^yJLJS^ I     apparent  from  inspection 


Fig.  507  (d). 


Line 

AB  S. 
BC  S. 
CD  N. 
DE  N. 
EF  N. 
/Vl   S. 


Bearing 
55°    0* 


23° 
55° 
26° 
86° 
68° 


Sir 
26' 
02' 
10' 
16' 


E. 

W. 

E. 

E. 

W. 

w. 


Latitude       Departure  Total    Total 

Length  North  South  East      West  Station  I^t.  Depart. 


404.0 
312.0 
550.0 
386.0 
407.8 
454.2 


312.0 

346.8 

27.3 


231.7 
286.1 


168.2 


330.9 

452.9 
169.4 


124.4 


406.9 
421.9 


B 
C 
D 
E 
F 
A 


-231.7 
-517.8 
-205.8 
+  141.0 
+  168.3 
0.1 


330.9 
206.5 
659.4 
828.8 
421.9 
0.0 


686.1    686.0  95^.2  9^.^ 
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(«;  SuQOMtionB.  (1)  On  large  maps  it  is  often  advisable  to  subdivide 
the  reference  rectangle  into  squares  of  any  convenient  sise,  say  lO'',  and  U 
use  these  squares  for  measuring  off  the  coOrdinatea.  If  these  squares  are 
all  drawn  at  the  outset,  any  shrinkage  or  expansion  which  may  take  place 
in  the  paper  will  not  affect  the  relative  positions  of  stations  subsequently 
plotted,  provided  the  squares  are  taken  as  the  basis  of  measurement 
mstead  of  the  orig^inal  scale.  It  is  sometimes  expedient  not  to  draw  the 
entire  reference  rectangle,  but  only  those  supplementary  sq^uares  needed 
for  plotting,  especially  if  the  survey  does  not  close  but  zigzags  in  one 
general  direction.  (2)  It  is  frequently  advantageous  to  assume  the  refer- 
ence rectangle  so  that  no  side  is  horizontal  or  vertical.  (See  directions  for 
starting  the  map,  p.  490.)  In  that  case  it  may  be  expedient  to  use  a 
T-square  with  adjustable  head,  and  to  set  the  blade  to  coincide  with  the 
lower  and  upper  sides  of  the  rectangle.  (3)  If  in  testing  the  reference 
rectangle  it  is  found  that  the  diagonals  are  not  exactly  equal,  each  right 
angle  may  be  tested  by  laying  off  10  inches  along  each  side  and  measuring 
between  the  two  points  thus  obtained  to  see  if  the  distance  is  14.142  inches. 
Bee  Art.  496  (e),  p.  461.)  (4)  Sometimes  instead  of  plotting  all  stations 
from  the  same  origin,  each  station  is  plotted  by  its  latitude  and  departure 
from  the  preceding  station.  The  only  advantage  in  this  is  that  by  check- 
ing the  t<aal  latitude  and  departure  of  the  last  station  from  the  first  station 
all  lines  between  these  two  stations  are  checked.  This  check  is  of  the 
most  value  when  the  traverse  does  not  form  a  closed  figure.  (5)  Let  a  fine 
dot  represent  the  position  of  each  station,  draw  a  small  free-hand  circle 
around  the  dot  and  draw  no  lines  of  any  kind  inside  this  circle.  Then 
there  will  always  be  a  definite  point  to  measure  from,  unobscured  by  lines. 

(/)  Checks.  In  addition  to  the  check  afforded  by  measuring 
distances  between  stations,  it  is  well  to  test  with  the  protractor 
the  angle  between  two  lines  when  either  of  these  lines  is  nearly 
parallel  to  one  of  the  coordinate  axes.  This  is  because  a  mis- 
take made  in  measuring  perpendicular  to  that  axis  does  not 
greatly  affect  the  length  of  the  line.  If  preferred,  the  test  in 
euch  a  case  may  be  made  by  checking  the  bearing  of  the  line. 
(See  also  check  in  suggrestion  (4)  above.) 

508.  Methods  of  Plotting  Traverses  Compared.  The 
methods  of  plotting  angles  by  the  protractor,  by  tangents,  by 
cosine  and  sine,  and  by  chords  have  already  been  compared  on 
page  461.  In  a  test  carried  on  with  a  large  number  of  students 
the  author  has  found  that,  apparently,  there  is  little  difference 
between  the  tangent  method  and  the  chord  method,  either  in 
the  time  required  to  plot  a  closed  traverse  or  in  the  accuracy 
attained.  If  anything  the  chord  method  seemed  to  be  the 
quicker,  and  when  the  ''home-made"  beam  compass  (p.  460) 
was  used  the  results  were  fully  as  accurate.  This  is,  perhaps, 
contrary  to  the  general  impression. 

The  chief  advantage  in  plotting  direct  angles  or  deflation 
angles  lies  in  the  fact  that  the  check  (p.  466)  applied  every  few 
stations  checks  all  previous  courses,  while  if  lines  are  plotted 
by  bearings  or  azimuths  no  such  single  check  can  be  used.  On 
the  other  hand  if  a  mistake  is  made  in  laying  off  the  direction 
of  one  course  and  it  is  not  discovered  until  a  munber  ol  «v\Rr 
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oeeding  courses  have  been  plotted,  the  direction  of  each  o! 
these  courses  must  be  changed,  while  if  they  have  been  plotted 
by  bearings  or  azimuths  the  correction  may  be  made  by  mov- 
ing each  line  parallel  to  itself.  For  the  same  reason,  yrhea 
plotting  by  direct  angles  or  deflection  angles  small  errors  m 
direction  are  likely  to  accumulate,  though  this  may  be  reme- 
died by  plotting  every  fifth  line  or  so  by  its  bearing  (p.  466). 

The  method  of  bearings  or  the  method  of  azimuths  is  best 
adapted  to  plotting  surveys  which  close,  for  it  is  difficult  to 
^heck  lines  plotted  by  either  of  these  methods  if  the  traverse 
does  not  form  a  closed  figure. 

The  method  of  plotting  by  coordinates  (or  latitudes  and  de- 
partures) is  generally  recognized  as  the  best  method  for  plotting 
the  average  map.  The  preUminary  computations  are  som^ 
what  longer  than  those  required  for  the  other  methods,  but  on 
the  other  hand  they  may  be  used  for  supplying  mi««|ng  date 
and  for  calculating  areas.  The  draftsman  knows  before  he 
begins  to  plot  whether  or  not  a  traverse  closes,  while  in  the 
other  methods  if  it  fails  to  close  he  is  uncertain  as  to  whether 
the  error  is  in  the  field  work  or  in  the  plotting.  Since  stations 
are  plotted  independently  errors  cannot  accumulate,  but  on  the 
other  hand  intermediate  stations  cannot  be  checked  by  chedc* 
ing  the  last  station  unless  suggestion  (4),  p.  475,  is  carried 
out.  One  of  the  chief  advantages  of  the  method  is  that  the 
size  of  the  map  may  be  ascertained  before  plotting  is  begun, 
since  in  the  majority  of  cases  it  is  approximately  the  size  of  the 
reference  rectangle. 


CHAPTER  XL 

WORKINa  UP  FIELD  NOTES  PREPARATORY  TO  PLOTTINQ 

The  details  of  a  survey  are  usually  plotted  directly  from  the  field  notes 
irith  little  if  any  preparatory  work.  On  the  other  hand  more  or  less  pre- 
iminary  computation  is  necessary  before  the  traverse  lines  can  be  plotted, 
doreover  the  notes  pertaining  to  traverse  lines  are  often  scattered  through 
nany  pages  of  the  notf-book.  It  saves  time,  therefore,  to  get  together 
ill  the  data  needed  for  computation  and  plotting,  to  make  all  the  prelimi- 
lary  calculations  and  to  arrange  results  in  such  a  systematic  manner  that 
rhen  plotting  is  begun  the  undivided  attention  may  be  gfven  to  the  me- 
ihanical  portion  of  the  work. 


509.  The  Method  of  Working  Up  Notes  depends  largely 
ipon  the  method  to  be  used  in  plotting.  In  any  event  it  is 
veil  to  make  a  rough  free-hand  sketch  of  the  main  lines  or 
ikeleton  of  the  survey,  and  to  put  on  this  sketch  all  lengths  and 
ingles  which  will  be  needed  for  computation  and  plotting.  It 
s  better  to  take  the  time  for  this  at  the  beginning  of  the  work 
han  to  stop  in  the  midst  of  a  computation  to  search  the  field 
lotes  for  necessary  data. 

Having  thus  gathered  all  the  data  that  in  any  way  affect  the 
nain  lines,  it  may  be  necessary  to  correct  or  adjust  values. 
The  adjusted  values  of  lengths  and  angles  (or  bearings)  may  be 
mtten  in  red  ink  on  the  original  sketch,  or  a  new  sketch  may 
)e  made  showing  only  such  data  as  will  be  needed  for  compu- 
ation  or  plotting.  From  this  sketch  the  draftsman  can  see 
vrhat  angles  are  to  be  plotted  (they  are  often  the  complements 
)r  supplements  of  ^he  angles  measured  in  the  field),  or  if  the 
ines  are  to  be  plotted  by  latitudes  and  departures  this  sketch 
vrill  be  very  useful  in  the  preliminary  calculation. 

When  the  protractor  is  used,  no  further  preparation  is  neces- 
ary,  as  the  lines  can  be  plotted  directly  from  the  data  on  the 
ketch.  When,  however,  the  more  accurate  methods  are  em- 
)loyed,  additional  data  will  be  needed  before  the  work  of  plot- 
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ting  is  begun.    The  additional  data  required  for  eadi  of  Urn 
different  methods  of  plotting  are  indicatCKi  in  Art.  S15,  p,  4CS. 

Remark.     It  is  well  to  keep  all  sketches,  computations,  and  reraiti  ii  ■ 
separate-leaf  note-book,  such  as  that  described  on  p.  363. 

510.  Correcting  Measurements.  Paradoxical  as  it  miy 
seem,  the  more  accurate  the  field  work  the  more  important  tt 
may  be  to  correct  the  field  measurements,  for  in  order  to  obtaii 
results  of  a  high  degree  of  precision,  certain  refinements  an 
necessary  which  are  entirely  omitted  in  ordinary  work.  The 
corrections  given  below  may  or  may  not  be  necessary,  depend- 
ing upon  the  nature  of  the  work.  They  are  usually  so  snial 
that  they  are  not  needed  for  purposes  of  plotting,  but  they 
may  be  needed  for  purposes  of  calculation  or  for  permaofipt 
record. 

(a)  Linear  measurements  may  be  corrected  for  error  in  the 
length  of  the  tape,  p.  39,  for  error  due  to  temperature,  p.  40^ 
and  occasionally  for  sag  and  pull,  pp.  41-42.  If  a  distance  is 
chained  aiong  a  slope  instead  of  in  horizontal  stretches,  the 
calculated  correction  is  apphed,  p.  35.  In  the  case  of  inclined 
stadia  readings,  corrections  are  made  as  explained  on  p.  480. 

(6)  Angular  measurements.  Few  corrections  can  be  applied  to 
j,ngular  measurements.  In  compass  surveying  bearings  afifected 
by  local  attraction  may  be  corrected  as  explained  on  p.  297. 

511.  Adjusting  Measurements  means  changing  the  an^ee 
c.nd  distances  given  in  the  notes  so  that  they  will  conform  more 
nearly  to  conditions  which  are  known  to  exist.  Adjustments 
are  usually  made  for  purposes  of  calculation,  not  for  plotting. 

(a)  Linear  measurements.  If  more  than  one  value  is  given 
for  a  distance,  the  mean  may  be  taken,  throwiu  j  out  any  value 
that  is  obviously  incorrect.  When  only  one  value  is*given  it  is 
not  changed  imless  some  ob\aous  mistake  is  detected,  such  as 
an  even  hundred  feet  in  chaining  or  reading  from  the  wrong 
end  of  the  tape,  as,  for  example,  54  instead  of  46.  Sometimes 
several  consecutive  measurements  are  made  along  a  line,  as  in 
taking  offsets;  when  their  sum  does  not  exactly  equal  the  total 
meaijurement,  if  it  is  worth  while  correcting  the  error  it  may 
be  distributed  among  the  partial  measurements  in  ppoportion 
to  their  lengths. 

(6)  Angular  measurement.  The  most  common  adjustment  of 
iHi^les  is  in  the  case  of  a  closed  figure,  when  the  error  in  the 
»iini  of  "the  interior  angles  (p.  119)  may  be  distributed  equally. 
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When  a  number  of  angles  are  clustered  about  the  same  point, 
the  same  adjustment  may  be  made  in  order  to  make  their  sum 
equal  360^.  When  several  angles  at  the  same  station  are 
checked  by  measuring  another  angle,  the  error  is  distributed 
among  all  the  angles,  including  the  check  angle.  (See  p.  14.) 
One  should  not  be  tied  down  by  rules,  however,  for  it  is  often 
better  to  change  some  of  the  angles  without  changing  others. 
An  illustration  given  below  shows  how,  by  merely  changing  six 
of  the  twenty  angles  of  a  survey,  five  conditions  were  fulfilled. 
When  several  values  are  given  for  each  angle,  the  mean  value 
may  be  used.  The  mean  value  may  be  further  modified  if 
necessary  in  order  that  the  interior  angles  of  a  polygon  may 
add  up  correctly,  or  that  some  other  condition  may  be  fulfilled. 
Thus,  for  example,  in  class  work,  where  several  parties  work 
independently  but  use  the  same  stations,  mean  values  may  be 
foimd.  these  values  adjusted,  and  the  survey  plotted  from  the 
composite  values  thus  obtained. 

(c)  Remark.  It  must  be  remembered  that  in  many  cases  nothing  is 
gained  by  adjusting  the  measurements  given  in  the  field  notes.  The  pur- 
pose of  the  sur\''ey  and  the  limit  of  error  will  determine  whether  or  not 
adjustment  is  necessary. 

Sometimes  after  latitudes  and  departures  have  been  calculated  further 
adjustment  of  angles  and  distances  may  be  made.     (See  pp.  394-398.) 

id)  lUuMration.  In  the  survey  on  page  390  each  distance  and  each  angle 
was  originally  obtained  by  taking  the  mean  of  several  measurements.  No 
further  adjustment  of  distances  was  possible.  The  angles,  however,  were 
adjusted  on  the  following  assumptions: 

(1)  In  the  two  five-sided  polygons  the  sum  of  the  interior  angles  must 

equal  540°. 

(2)  In  the  one  ^our-sided  polygon  the  sum  of  the  interior  angles  must 

equal  360"*. 

(3)  In  tne  two  triangles  the  sum  of  the  interior  angles  must  equal  180**. 

(4)  The  sum  of  the  four  angles  at  Y  must  equal  360°. 

(5)  In  the  ten-feided  polygon  NOPQRSTUVwN,  the  sum  of  the  interior 

angles  must  equal  1440°. 

Since  it  was  not  desired  to  carry  any  angle  to  seconds,  the  adjustment 
was  made  by  changing  six  of  the  twenty  angles  as  indicated  in  the  figure. 
In  no  angle  did  the  change  exceed  one  minute. 

(«)  In  work  of  ffreat  precision  adjustment  of  observed  values  may  be 
made  by  the  method  of  least  squares;  this  is  a  theoretical  method  of 
deducing  the  most  probable  results  of  a  set  of  measurements.  If  some  of 
the  measurements  are  thought  to  be  more  accurate  than  others,  they  are 
given  weight  and  treated  accordingly.  Equations  are  formed  from  con- 
ditions known  to  exist.,  probable  errors  are  calculated,  and  theoretical 
values  of  angles  and  distances  are  deduced.  The  method  is  seldom  used 
in  ordinary  plane  surveying. 

512.  Calculating  Beariiigs.  If  the  bearings  of  lines  are 
needed  for  plotting  and  they  are  not  given  in  the  notes,  they 
may  be  calculated  by  the  method  explained  in  Chapter  XXX, 
provided  the  bearing  of  one  line  is  known.  For  purposes  of 
plotting,  however,  it  is  not  essential  that  the  bearing  of  even 
one  line  should  be  given,  for  the  '^dative  positions  ol  ^^^Xlxoraa 
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will  be  correct  if  the  bearing  of  any  line  be  assumed^  anc 
bearings  of  the  other  lines  be  calculated  from  that  aan 
value.  In  such  a  case  it  makes  little  difference  what  be 
is  assumed  to  start  with. 

Sometimes  a  true  meridian  is  established  in  a  survey  (C 
ter  XXVIII)  and  the  true  bearing  of  some  main  line  foun 
measuring  the  angle  it  makes  with  the  meridian.  The 
bearings  of  the  other  lines  can  then  be  calculated.  (See  p 
for  an  example.) 

In  calculating  all  bearings  the  final  adjusted  values  of  a 
are  used.  Make  sure  that  bearings  are  consistent,  Le. 
forward  bearings  or  all  back  bearings. 

In  compass  surveys  the  magnetic  bearings  are  usually  plo 
for,  of  course,  no  calculated  bearings  are  possible. 

513.  Supplying  Missing  Data.  When  the  length  of  a  li 
the  value  of  an  angle  is  not  given  in  the  field  notes  it  can  < 
be  calculated  by  the  methods  explained  in  Chapter  XX 
Notice,  however,  that  in  such  cases  there  is  no  eheck  on 
field  work,  and  hence,  as  pointed  out  in  the  note  at  the  b 
ning  of  Chapter  XXXII,  closing  angles  and  distances  shou] 
measured  whenever  practicable. 

514.  Reducing  Stadia  Notes  means  finding  the  horizc 
distance,  or  the  vertical  distance,  or  both,  for  each  sigl 
which  the  vertical  angle  a  is  large  enough  to  be  taken 
account  (ordinarily  3°  or  larger,  see  p.  308).     The  formula 
inchned  sights  derived  on  p.  303  are: 

Horizontal  distance=R  —  R  sin^  a-^C  cos  a 

=R  cos'  a  +  C  cos  a. 
Vertical  distance      =R  i  8ia2a  +  C  sin  a. 

When  there  are  many  readings  to  be  reduced,  the  wori 
volved  in  substituting  in  these  formulas  would  become  a  sei 
objection  to  the  entire  stadia  method.  Fortunately  the  U 
R  cob' a  and -Ri  sin  2a  are  independent  of. the  instrumen 
the  linear  unit  used,  and  hence  their  values  for  different  ver 
angles  can  be  computed  once  for  all  and  tabulated.  In  < 
nary  work  C  cos  a  is  practically  equal  to  C,  and  C  sin  a  is  o 
a  negligible  quantity. 

Three  different  devices  for  obtaining  the  value  of  R  (n 
and  R  J  sin  2a  for  different  vertical  angles  are  in  conunon 


PREPARATORY  TO  PLOTTINO  481 

ris.:  (1)  Reduction  tables,  (2)  stadia  diagramB,  and  (3)  apooial 
tonus  of  the  slide-rule. 

(a)  RsDUCTioN  TABLES.  In  some  tables  the  values  are  oom* 
puted  on  the  assumption  that  the  actual  intercept  on  the  rod 
{R)  is  unity,  as,  for  example,  one  foot.  Then  any  inclined  dis- 
tance, as  Fm  in  Fig.  379,  p.  306,  may  be  reduced  by  multiply* 
ing  that  distance  by  the  tabular  value  corresponding  to  the 
vertical  angle.  In  other  tables  the  values  are  based  on  the 
assumption  that  R'^  100,  and  hence  the  inclined  distance  is  di* 
vided  by  100  (two  decimal  places  being  pointed  off),  before 
multiplying  by  the  tabular  value.  For  horizontal  distances  the 
constant  C  (nearly  equal  to  C  cos  a)  must  be  added  to  the  result, 
but  often  C  sin  a  may  be  neglected.  In  more  accurate  work 
C  cos  a  and  C  sin  a,  computed  for  several  of  the  most  com* 
mon  values  of  C,  may  be  obtained  from  supplementary  tables, 
usually  given  at  the  bottom  of  the  main  table. 

Since  for  average  stadia  shots  of  100  ft.  or  over  the  measure- 
ment is  not  exact  beyond  the  figure  in  the  third  place,  i.e.,  the 
figure  in  the  fourth  place  is  uncertain  (see  p.  370),  not  more  than 
four  places  of  figures  should  be  retained  in  any  result.  (See 
p.  371.)  Frequently  three  places  will  suffice.  Hence  an  or- 
dinary slide-rule  may  be  used  for  multiplying  tabular  values. 
The  next  best  method  is  that  of  abridged  multiplication  (p. 
365),  writing  the  extreme  right-hand  figure  of  the  reversed 
multiplier  under  the  fourth  place  of  figures  in  the  tabular 
value  regardless  of  tha  position  of  the  decimal  point.  (See 
Art.  425  (g),  p.  371.) 

(&)  lUvMratton.  Given  a  stadia  reading— 234,  vertical  angle -^  10**  22'f 
and  an  instrumental  constant*- 1.25: 
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Notice  that  for  most  purposes  the  approximate  results  on  the  right  are 
accurate  enough,  that  is  to  say,  the  extreme  right-hand  figure  of  the  reversed 
multiplier  may  be  written  under  th6  third  place  of  the  multiplicand  instead 
of  under  the  fourth. 
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(c)  Stadia  diagrams.  It  is  an  easy  matter  to  construct  a 
diagram  that  will  give  fairly  accurate  results  for  vertical  angles 
up  to,  say,  8°  or  10°,  but  when  the  diagram  is  extended  to 
cover  15°  or  20°,  either  the  scale  must  be  reduced  at  a  sacrifice 
in  accuracy,  or  the  diagram  made  inconveniently  large.  Never- 
theless such  diagrams  are  very  useful,  especially  when  two  men 
work  together,  one  with  the  note-book  and  the  other  with  the 
diagram.  Results  can  be  obtained  much  more  quickly  than  by 
the  use  of  tables,  and  for  most  purposes  they  will  be  sufficiently 
accurate. 

Usually  separate  diagrams  are  prepared,  one  for  horizontal 
distances  and  one  for  differences  in  elevation. 

(d)  Diagram  for  horizontal  distances.  The  simplest  form  may 
be  constructed  on  cross-section  paper,  on  which  there  are,  say, 
10  lines  to  the  inch  each  way.  (1)  Assume  the  origin  or  zero- 
point  in  one  corner  of  the  paper,  say  the  lower  left-hand  comer. 
(2)  Along  the  lower  edge,  number  every  tenth  (or  heavy)  ver- 
tical line,  the  numbers  running  100,  200,  etc.,  up  to  the  longest 
sight  taken  in  the  field,  say  1000  ft.  (3)  Along  the  right-hand 
edge  number  every  tenth  (or  heavy)  horizontal  line,  the  num- 
bers running  10,  20,  etc.,  thus  making  the  vertical  scale  ten 
times  as  large  as  the  horizontal,  (4)  Find  the  values  of 
1000  sin^  a  for  different  vertical  angles  1°,  2°.  etc.,  up  to  say 
15°  or  20°,  using  stadia  reduction  tables  or  computing  the 
values  by  trigonometry.  Lay  these  values  off  along  the  ordi- 
nate marked  1000,  using  the  vertical  scale,  and  draw  radial 
lines  from  the  origin  to  the  points  thus  obtained.  Mark  each 
radial  line  with  its  degree  number. 

(e)  lUuBtration,  Use  of  the  diagram.  Given  a  stadia  reading  R^410, 
vertical  angle  =  13*,  instrumental  constant  C  =  1.2.  Find  the  vertical  line 
next  beyond  the  one  numbered  400,  follow  up  this  line  to  its  intersection 
with  the  radial  line  marked  13°,  note  that  the  nearest  horisontai  line  is 
numbered  21,  and  estimate  the  reading  as  20.7.  Hence  410—20.7—389.3 
is  the  corrected  (horizontal)  distance,  and  adding  C  =  1.2,  the  final  result"" 
390.5  feet. 

(/)  Suggestions.     (1)  The  scale  adopted  depends  upon  the  accuracy  re* 

?uired,  the  maximum  length  of  sight,  and  the  maximum  vertical  angle. 
{,  for  example,  the  length  of  the  longest  sight  taken  in  the  field  is  less  than 
500  ft.,  there  is  no  advantage  in  extending  the  diagram  to  1000. — ^it  is 
better  to  double  the  scale.  (2)  In  large  diagrams,  intended  for  accurate 
work,  intermediate  radial  lines  may  be  drawn  at  intervals  corresponding 
to  10  minutes  of  arc.  If  desired,  an  arithmetical  table  giving  valuer  dt 
C  cos  a  and  C  sin  a  for  several  values  of  C  at  5°  intervals  may  oe  prin  ted 
in  one  comer  of  the  sheet.  (3)  The  reason  that  the  vertical  ordinat<»  are 
plotted  for  values  of  R  sin^  a  instead  of  R  cos^  a  is  that  the  former  ia  a 
small  quantity  which  changes  rapidly  for  small  angles,  while  the  latter  is 
a  large  quantity  which  changes  slowlv.  Notice  that  a  quantity  taken  from 
such  a  diagram  must  be  subtracted  from  R,  and  C  added  to  get  the  fical 
resuJt.     (Why?) 
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(g)  Diagrams  for  obtaining  differences  in  elevation  may  be  con- 
structed in  a  similar  manner,  the  vertical  ordinates  represent- 
ing values  of  72  i  sin  2a.  The  two  diagrams  may  be  drawn  on 
the  same  sheet  without  conflicting,  by  laying  off  the  absdssas 
and  ordinates  in  the  second  diagram  along  the  two  edges  of  the 
paper  not  used  in  the  first. 

(h)  Remark.  A  number  of  modifications  of  the  diafpwns  Just  deseribed 
have  been  devised  with  a  view  of  saving  space  and  moreasing  accuracy. 
In  one  of  these,  given  in  Professor  I.  O.  Baker's  Engineera  Surveying 
Initrum^i  ta,  p.  202,  the  values  are  laid  off  along  the  sides  of  triangles, 
equilateral  triangles  being  used  in  the  diagram  for  elevations.  A  combi- 
nation diagram  for  obtaining  horisontal  distances  and  elevations  is  given 
on  an  insert-sheet  of  the  Engineering  News,  Feb.  3,  1898,  and  on  p.  85 
of  the  same  issue  is  another  diagram  small  enough  to  go  in  the  back  of 
an  ordinary  field  book. 

(i)  Stadia  slide-rules,*  such  as  those  designed  by  Mr,  Wil- 
liam Cox  and  by  Mr.  B.  H.  Colby,  may  be  used  in  place  of 
tables  or  diagrams.  Accurate  results  can  be  obtained  with 
great  rapidity  after  a  few  minutes'  practice  in  the  use  of  these 
slide-rules.  The  few  simple  directions  necessary  are  furnished 
with  the  slide-rules. 

515.  Getting  Together  Data  for  Plotting — Summary* 
The  first  five  or  six  steps  are  practically  the  same,  regardless  of 
the  method  of  plotting  that  will  be  used. 

1.  Make  a  rough  sketch  showing  approximately  the  relative 
positions  of  stations. 

2.  Mark  on  the  sketch  the  lengths  and  angles  given  in  the 
field  notes  for  the  main  lines.  IT  the  stadia  was  used  reduce 
tl  e  inclined  readings  and  put  the  horizontal  distances  on  the 
ske  ch. 

3.  If  necessary  correct  the  measurements  for  errors  from 
different  sources  (p.  478). 

4.  If  desirable,  adjust  the  values  to  conform  to  known  con- 
ditions, as  explained  on  p.  478.  If  the  stadia  was  used  reduce 
inclined  readings  (p.  480). 

5.  Mark  the  final  values  of  angles  and  distances  in  red  ink  on 
the  sketch. 

6.  If  bearings  are  to  be  used  either  in  the  calcidations  or  for 
plotting,  start  with  the  bearing  of  one  line  and  calculate  the 
bearings  of  the  others  (p.  479).  (If  the  survey  was  made  with 
the  compass,  this,  of  course,  is  not  done.)  Use  the  final  adjusted 
values  of  angles  in  calculating  bearings.  Enter  the  calculated 
bearings  on  the  sketch,  making  sure  they  are  all  forward  bear- 
ings. 

The  remaining  steps  will  differ  somewhat  according  to  the 
method  used  in  plotting. 

*  See  Catalogue  of  Keuffel  and  Eaaer  Co. 
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(a)  Protractor  method.  No  additional  data  are  required.  W<»k 
directly  from  the  sketch.  Angles,  bearings,  or  azimuths  may 
be  plotted. 

(6)  Tangent  method.  (1)  It  is  well  to  indicate  on  the  sketch 
the  actual  angles  or  bearings  to  be  plotted,  as  man^  of  them 
may  be  the  complements  or  the  supplements  of  those  preWoudy 
marked  on  the  sketch.  (2)  Prepare  a  table  similar  to  that  on 
p.  465,  or  if  bearings  are  to  be  plotted,  similar  to  that  on  p.  469. 

(c)  Chord  method.  (1)  As  in  the  tangent  method,  indicate 
on  the  sketch  the  actual  angles  or  bearings  to  be  plotted.  (2) 
Prepare  a  table  similar  to  that  on  p.  465,  or  if  bearings  are 
plotted,  similar  to  that  on  p.  470. 

{d)  Latitude  and  departure  method,  (1)  Ck)mpute  the  latitudes 
and  departures,  using,  of  course,  final  corrected  values  of  lengths 
and  bearings.  (See  pp.  3G3  and  394  for  forms.)  (2)  If  de- 
sired, adjust  the  values  thus  obtained,  i.e.,  balance  the  sorv^ 
(p.  395).  (3)  Tabulate  for  plotting  (p.  474),  and  £nd  the  sice 
of  the  circumscribed  rectangle.  (A  complete  illustration  of 
working  up  notes  for  plotting  by  this  method  is  given  on  pp. 
390  to  394.) 

(c)  Azimuths.  If  azimuths  are  given  they  may  be  plotted  by 
chords  or  tangents,  tables  similar  to  those  on  pp.  469  and  470 
being  prepared,  or  latitudes  and  departures  may  be  calculated 
without  reducing  azimuths  to  bearings  (see  p.  387). 


CHAPTER  XLI 

PLOTTING  THE  MAP 


General  Methods  and  Suoobstions 

In  plotting  the  map,  something  more  is  needed  than  a  mere  knowledge 
of  the  use  of  drawing  instalments  and  of  the  different  methods  of  plotting 
traverses.  Practical  questions  arise,  such  as  the  choice  of  scale,  the  gen- 
eral arrangement  of  the  map,  the  order  of  plotting,  the  precautions  neces- 
sary to  insure  accuracy,  the  methods  of  checking  the  drawing,  of  plotting 
details,  of  interpolating  contours,  and  of  copying  maps.  These  questions 
&re  discussed  in  this  chapter. 


516.  Equipment,  (a)  Paper.  (1)  If  maps  are  to  be  pre- 
served a  long  time  or  are  likely  to  receive  rough  usage,  the 
iurability  of  the  paper  is  an  important  quality,  while  if  dis- 
tances are  to  be  scaled  with  accuracy,  the  paper  should  con- 
tract and  expand  as  little  as  possible  under  atmospheric  changes. 
These  two  qualities  are  best  combined  in  mounted  paper  or 
paper  backed  with  muslin.  For  penciling,  preparatory  to 
tracing,  almost  any  white  paper  will  answer,  provided  fine  lines 
3an  be  drawn  and  its  surface  will  stand  erasing.  A  tough  bond- 
paper  is  best  for  maps  which  will  be  folded  (creased)  and  car- 
ied  in  the  pocket.  For  maps  which  are  to  be  tinted,  mounted 
paper  is  recommended ;  if  an  unmounted  paper  is  used  it  should 
36  of  high  grade,  with  a  surface  adapted  to  either  lines  or 
^ash — a  pebbled  or  egg-shell  surface  is  often  preferred.  For 
photo-reproduction  Bristol  board  or  a  hard  white  paper  with  a 
jmooth  glossy  surface  is  the  best,  although  excellent  reproduc- 
tions can  be  made  from  tracings.  Tracing-cloth  should  be  of 
the  best  quality,  otherwise,  ink  is  liable  to  strike  through; 
bracing-paper  may  be  used  when  only  a  few  prints  are  needed 
and  it  is  not  necessary  to  preserve  the  tracing  for  a  long  period 
Df  time.  For  blue-prints  thin  tough  paper  will  usually  stand 
rough  handling  better  than  the  smooth  thick  paper,  but  prints 
3ure  likely  to  be  somewhat  inferior.    The  more  sensitive  a  paper 
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is,  the  quicker  it  deteriorates,  and  the  more  care  is  required  in 
handling  it  in  a  strong  light.  "Medium"  printing-paper  is 
reconmiended  for  most  purposes;  in  ordering  papc^,  be  ci^ful 
to  state  whether  quick-printing,  medium,  or  slow-printing  paper 
is  desired.     (See  p.  453.) 

(6)  Drawing  instruments.  The  edges  of  the  straight-edge,  the 
T-square,  and  the  triangles  should  be  straight.  This  is  more 
essential  in  map-drawing  than  in  almost  any  other  kind  of 
drafting.  (See  p.  438  for  test.)  The  angles  of  a  trian^e 
should  be  true,  especially  the  right  angle.  (See  p.  439  for  test.) 
Straight-edges,  T-squares,  and  triangles  made  of  steel  are  usually 
the  most  accurate.  The  pencil  should  be  hard  (6-H)  and 
properly  sharpened.  (See  p.  438.)  The  ^ruling-pen  should  be 
of  the  very  best  quality,  and  the  points  should  be  kept  in  good 
condition.  (See  p.  44 1 . )  The  scale  should  be  a  decimal  scale  and 
its  graduations  should  be  accurate  and  definite.  The  surface  of 
the  drawing-board  or  table  should  be  a  smooth  plane.  These 
are  the  most  essential  requirements  for  instruments  used  in 
mapping. 

517.  Precautions  Necessary  in  Accurate  Plotting;.     As 
the  edges  of  a  drawing-board  are  seldom  exactly  straight,  lines 
drawn  along  the.  T-square  blade,  as  it  is  moved  up  and  down 
the  board,  are  seldom  exactly  parallel.      A  steel  straight-edge 
fastened  to  the  left-hand  edge  of  the  board  remedies  this  to 
some  extent,  but  even  then  there  is  apt  to  be  some  play  in  the 
blade  of  the  T-square,  and  hence,  in  very  accurate  work,  it  is 
better  not  to  rely  upon  this  method.     As  comparatively  few 
lines  in  maps  are  vertical  or  horizontal,  the  T-square  is  not  as 
necessary  in  plotting  as  it  is  in  other  kinds  of  drawing;   a  sted 
straight-edge  about  three  feet  long  may  be  used  in  its  place. 
All  important  reference  lines,  such  as  traverse  lines,  can  then  be 
plotted  entirely  by  measurement  without  depending  upon  par- 
allel lines  drawn  with  the  T-square  or  upon  perpendiculars 
erected  with  the  triangles.     (See  the  method  given  in  Cautumf 
p.  473.)     Such  precautions,  however,  are  not  necessary  in  much 
of  the  plotting  done  in  ordinary  work. 

The  shrinkage  of  the  drawing-paper  may  be  another  source  of 

/rror.      I£  the  map   is  4   or  5  feet   wide   the   change  in  the 

paper  is  frequently  as  much  as  }  inch,  and  sometimes  }  inch- 

The  more  seasoned  the  paper  the  less  it  will  shrink,  hence  it  is 

ivell  to  keep  paper  in  the  office  several  months   before  using  it. 
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In  plotting  new  details  on  old  maps  test  the  map  first  to  see  if 
shrinkage  has  occurred,  and  if  it  has  make  proper  allowance 
for  it  in  plotting.  On  the  other  hand,  in  maps  which  have  been 
rolled  up,  test  for  expansion,  as  rolling  tends  to  stretch  the 
pa^er — a  good  reason  for  filing  maps  flat  when  possible. 

518.  General  Methods.  A  large  part  of  the  work  in  map- 
ping is  the  reverse  of  field  work;  distances  that  were  measured 
with  a  tape  or  chain  are  laid  off  with  a  scale,  and  angles  that 
were  measured  with  a  transit  or  compass  are  laid  off  with  a 
protractor.  Such  work  involves  no  calculation.  When,  how- 
ever, the  plotting  is  done  by  indirect  measurements,  that  is  by 
measurements  which  are  not  the  same  as  those  taken  in  the 
field,  these  indirect  measurements  must  be  obtained  from  the 
field  measurements  by  calculation,  as,  for  example,  when  angles 
are  plotted  by  latitudes  and  departures  or  by  any  of  the  trigono- 
metric methods. 

A  common  method  in  field  work  is  to  run  traverses  and 
locate  details  simultaneously  (p.  132),  but  in  mapping,  the 
traverse  lines  are  almost  always  plotted  first,  before  work  is 
begun  on  the  details.  The  plotting  is  done  in  pencil,  usually 
on  paper,  but  sometimes  directly  on  tracing-cloth,  and  after  the 
penciling  is  completed,  the  lines  are  inked.  If  only  a  single 
copy  of  the  map  is  desired,  the  pencil  lines  are  inked  directly 
on  the  paper,  but  if  more  than  one  copy  is  required  the  hnes 
are  usually  traced  and  process  prints  made  from  the  tracing. 

519.  Method  of  Procedure  Outlined.  (1)  Choose  a  suit- 
able scale  for  the  map  (p.  489),  decide  upon  the  method  of 
plotting  traverse  Hnes  (see  p.  492),  and  work  up  the  field  notes, 
making  sketches  and  arranging  data  so  that  no  delay  in  plot- 
ting will  be  caused  by  searching  through  field  books  (Chapter 
XL).  (2)  Select  a  suitable  drawing-paper  (p.  485)  and  stretch 
it  on  the  drawing-board  until  it  lies  smooth  and  flat  (p.  445). 
(3)  Sharpen  a  6-H  pencil  to  a  round  point  at  one  end  and  a 
wedge-shaped  point  at  the  other  (p.  438).  (4)  Wipe  the  tri- 
angles and  T-square  clean,  and  brush  the  surface  of  the  paper. 
Throughout  the  work,  take  precautions  to  insure  neatness  (p. 
445).  (5)  Follow  the  directions  for  starting  the  map  given  on 
page  490.  (6)  Plot  the  traverse  lines  in  pencil  •  (Chapter 
XXXIX),  marking  each  station  with  its  letter  or  number.  Use 
hair  lines  and  prick  the  points.  Observe  correct  methods  of 
penciling  (p.  446)  and  of   laying  off   measuTetuexiX.^  ^.  \^^. 
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Apply  checks  continually  as  the  work  progresses  (p.  494). 
(7)  Plot  details  in  pencil  (p.  493).  (8)  Ink  the  map  or  trM» 
it.  Observe  the  directions  on  pages  440  and  446  for  inking  and 
those  on  page  451  for  tracing.  (9)  Finish  the  map  (Cluster 
XLI),  making  sure  that  it  meets  the  requirements  given  in 
Art.  532,  p.  502.  (10)  If  blue-prints  or  brown  solar  prints  aie 
desired,  follow  the  directions  given  on  pages  453  and  454. 

520.  Scales,  (a)  The  most  common  scales  for  ordinary  maps 
are  those  in  which  the  number  of  feet  represented  by  one  ituk 
is  some  muUi'ple  of  ten.    In  general  these  scales  are  as  follows: 

Nature  of  the  Map  Number  of  Feet  per  Inch 

Small  territory— many  details  10  20  30  40  50  60  80  100 
Large  territory— few  details      100  200        400  500      800  1000 

The  numbers  in  black-face  type  are  probaldy  the  scales  most 
frequently  used.  Notice  that  70  and  90  are  the  only  two  mul- 
tiples of  ten  below  100  that  are  not  included.  The  first  six 
(from  10  to  60  inclusive)  are  the  scales  usually  foimd  on  the 
six  sides  of  a  triangular  scale;  the  scales  of  80  and  100  can  be 
obtained  by  using  the  40  and  50  sides  respectively,  but  70  and 
90  have  no  such  corresponding  sides. 

(6)  The  so-called  natural  scale  is  one  in  which  a  given  dis- 
tance on  the  map  is  some  round  fraction  of  the  distance  it 
represents,  such  as  iT^Jinr*  TJS'^TiSf  ^*c.  Such  scales  are  used  for 
maps  of  large  territories,  e.g. ,  those  of  the  United  States  Coast  and 
Geodetic  Survey  and  of  the  United  States  Geological  Survey.* 
The  maps  of  the  former  are  usually  plotted  to  a  scale  of  ^^}jj, 
while  those  of  the  latter  are  mostly  plotted  to  a  scale  of  j^Jf^ 
and  then  reduced  in  lithographing  to  ^^Jinr  ^^  laAgo  (about  1 
inch  and  2  inches  to  the  mile  respectively). 

(c)  ScAiiE  Equivalent^  for  Various  Ratios  t 


Feet 

Miles 

Meters 

Kilometers 

Ratio 

to  One  Inch 

to  One  Inch 

to  One  Inch 

to  One  Inch 

(Number  Ins.) 

100 

0.019 

30.480 

0.030 

1:      1200 

400 

0.076 

121.920 

0.122 

4800 

500 

0.095 

152.400 

0.153 

6000 

800 

0.151 

243.840 

0.244 

0600 

833i 

0.157 

254.000 

0.254 

;    10000 

1000 

0.189 

304.801 

0.305 

:    12000 

5280 

1.000 

1609.2 

1.609 

;    63300 

10560 

2.000 

3218.4 

3.218 

:  126720 

*  See  Gillespie,  Vol.  I,  p.  27,  for  scales  used  for  survesrs  in  different  coon- 
tries. 

tSee  Wilsoa'a  Topographic  Surveying,  p.  447,  for  a  more  compile  table; 
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521*  The  Choice  of  Scale.  Primary  considerations  in 
choosing  the  scale  are:  (1)  the  use  to  which  the  map  will  be 
put,  and  (2)  the  extent  of  territory  to  be  represented.  Thus, 
for  example,  if  distances  are  to  be  scaled  on  the  map  to  the 
nearest  foot,  the  scale  should  be  at  least  as  large  as  1  in.  =  100 
ft.,  and,  if  possible,  as  large  as  1  in."=40  ft.  For  a  small  map 
with  many  details,  such  as  that  of  a  city  lot  and  buildings,  a 
scale  as  large  as  1  in.  =  20  ft.,  or  even  1  in.  =  10  ft.,  is  preferable. 
For  large  maps  with  few  details,  such,  for  example,  as  the  aver- 
age topographic  map,  scales  from  1  in.s=100  ft.  to  1  in.  =  1000 
ft.  may  be  used.  In  the  excellent  survey  of  Baltimore,  Md., 
the  scales  adopted  were  1  in.  =  200  ft.  for  plotting  topographic 
maps,  and  1  in.  ='40  ft.  for  property  maps.  Preliminary  surveys 
for  railroads  are  usually  plotted  to  a  scale  of  from  100  to  500  ft. 
per  inch,  while  maps  of  mines  and  mining  claims  are  more  often 
to  a  scale  of  100  or  200  ft.  to  the  inch;  of  course  maps  of  rail- 
roads and  mines  made  for  special  purposes  are  often  drawn  to 
larger  scale.  Architects  usually  prefer  a  scale  of  1  in.  =  64  ft., 
or  1  in.*»32  ft.,  or  1  in.  =  16  ft.,  or,  occasionally,  1  in.  =  4  ft.,  to 
correspond  to  the  scale  which  they  use  for  the  plans  of 
buildings. 

The  scales  of  1  in.  =  20  ft.,  1  in.  =  40  ft.,  and  1  in.  =  80  ft.,  all 
have  the  common  advantage  that  distances  may  be  scaled  ap- 
proximately with  a  carpenter's  rule  or  an  architect's  scale,  since 
1  inch  equals  5,  10,  and  20  ft.  respectively.  Similarly  in  the 
scales  200,  400,  and  800  ft.  per  inch,  {  in.  equals  50,  100,  and 
200  ft.  respectively. 

Frequently  the  choice  is  restricted  to  some  scale  small  enough 
so  that  the  whole  map  will  fall  within  a  rectangle  of  given  size. 
The  dimensions  of  this  rectangle  are  sometimes  determined  by 
the  size  of  the  blue-print  frame,  or  by  the  size  of  the  drawer  in 
which  the  map  will  be  filed,  or  by  the  size  of  sheet  most  con- 
venient for  handling,  or  by  the  standard  size  adopted  for  simi- 
lar maps.  The  arrangement  of  the  map  must  be  taken  into 
account,  for  if  it  is  desired  to  have  the  noirth  at  the  top  and 
the  border  lines  square  with  the  compass  points,  it  may  be 
necessary  to  adopt  a  smaller  scale  than  would  otherwise  be 
used  (see  next  article).  When  it  is  desirable  to  choose  as  large 
a  scale  as  a  given  rectangle  will  permit,  it  is  often  expedient  to 
plot  the  traverse  lines  roughly  to  any  scale  in  order  to  deter- 
mine the  shape  and  extent  of  the  survey. 
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(a)  Two  GENERAL  RULES.  I.  Choose  a  scale  large  enough  w 
that  in  plotting  or  in  scaling  distances  from  the  finished  map  U 
will  not  he  necessary  to  read  the  scale  closer  than  yj^  inch.  (Allow- 
ance should  be  made  for  expansion  and  contraction  due  to 
atmospheric  changes.) 

II.  Choose  as  small  a  scale  as  is  consistent  with  a  dear  delinea- 
tion of  the  smallest  details  to  be  plotted^  due  regard  being  paid  to 
Rule  I.  In  topographic  maps,  especially,  it  is  an  advantage  to 
adopt  Bs  small  a  scale  as  practicable,  for  not  only  is  a  larger 
area  shown  on  each  sheet,  but  by  bringing  contour  lines  closer 
together  a  more  vivid  impression  is  given  of  the  real  nature  of 
the  surface  depicted. 

It  is  frequently  necessary  to  draw  maps  of  the  same  territory 
to  different  scales,  first  one  map  to  small  scale  showing  the 
region  as  a  whole,  then  other  maps  to  a  much  larger  scale,  each 
sheet  corresponding  to  a  portion  of  the  original  small-scale  map. 

522.  Arrangement.     It  is  desirable  to  arrange  a  map  with 
the  north  at  the  top,  making  the  top  and  bottom  border-lines 
true  east-and-west  lines,  and  the  side  border-lines  true  nortb- 
and-south   lines.     Such   an   arrangement,   however;   is  seldom 
economical,  the  border-lines  forming  a  larger  rectangle  than  is 
necessary,  hence  some  other  arrangement  is  followed  when  it 
is  more  desirable  to  confine  the  map  to  a  small  space  than  it  is 
to  have  the  border-lines  square  with  the  compass  points.     More* 
over  it  often  is  best  to  have  the  natural  approach  to  a  piece  of 
property  at  the  bottom  of  a  mapj  even  though  this  brings  the 
south  at  the  top.     For  example,  in  the  case  of  a  house  and  lot, 
it  is  natural  to  look  for  the  street  side  and  the  approach  to  the 
house  at  the  bottom  of  the  map,  even  though  this  may  bring 
the  south  end  of  the  lot  at  the  top. 

There  are  many  questions  of  arrangement,  such  as  where  to 
put  the  title,  the  meridian-needle,  and  the  explanatory  notes. 
which  do  not  have  to  be  settled  until  the  map  is  plotted  aod 
ready  to  finish.     (See  Chapter  XLII.) 

523.  How  to  Begin  a  Map.  Usually  the  first  step  is  to  plot 
the  traverse  to  a  small  scale,  using  the  protractor  for  laying  oflf 
angles;  if  latitudes  and  departures  have  been  calculated,  it  is 
quicker  to  plot  by  coordinates  laid  off  on  cross-section  piq)er. 
This  preliminary  sketch  is  drawn  roughly  and  quickly  merely 
to  give  an  idea  of  the  general  shape  of  the  plot  and  the  space 

that  it  will  occupy. 
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(a)  Which  line  to  begin  with.  Unless  the  traverse  is  to  be 
plotted  by  codrdinates,  the  position  and  direction  of  some 
traverse  line  must  be  assumed  to  start  with,  and  its  length  laid 
off  to  scale.  In  a  closed  figure  it  is  well  to  begin  at  the  first 
station  and  work  half-way  around  the  polygon  in  either  direc- 
tion to  lessen  cumulative  errors.  For  the  same  reason,  in  a 
traverse  that  does  not  close  it  is  well  to  begin  near  the  middle 
and  plot  toward  either  end. 

(&)  How  to  assume  the  -first  line.  A  starting-point  and  a 
direction  for  the  first  line  should  be  assumed  in  such  a  way  that 
when  the  other  lines  are  plotted  they  will  not  run  off  the  paper. 
In  this  the  preliminary  plot  referred  to  above  is  of  the  greatest 
Hssistance.  If  a  meridian  is  to  be  used  in  plotting,  it  is  con- 
venient to  make  it  a  vertical  line;  in  that  case  the  direction  of 
the  first  line  cannot  be  assumed,  but  must  be  found  by  laying 
off  its  bearing  or  its  azimuth.  It  is  by  no  means  essential,  how- 
ever, that  the  meridian  should  be  a  vertical  line;  on  the  con- 
trary, there  are  many  cases  in  which  if  it  were  assumed  vertical 
the  map  would  not  fall  within  the  limits  of  the  paper.  It  is 
then  necessary  to  assume  the  first  line  in  the  proper  position 
as  judged  by  a  preliminary  sketch,  and  to  lay  off  its  bearing  or 
azimuth  backward  to  establish  the  direction  of  the  meridian. 
This  will  bring  the  east-and-west  line  oblique  to  the  T-square 
blade,  but  if  the  head  of  the  T-square  is  adjustable  the  blade 
can  usually  be  made  to  coincide  either  with  the  east-and-west 
line  or  with  the  north-and-south  line. 

For  the  reasons  just  given,  it  is  often  expedient  to  lay  off  the 

reference  rectangle,  used  in  plotting  by  coordinates,  so  that  no 

side  is  vertical  or  horizontal.     The  inclination  required  in  order 

that  the  lines  may  not  run  off  the  paper  is  estimated  by  means 

of  the  preliminary  plot  referred  to  above.     In  this  case  it  is 

often  inexpedient  to  draw  the  entire  reference  rectangle.     (See 

p.  .475)     Notice  that  the  size  of  the  reference  rectangle  is  known 

from  the  computations  (p.  473),  and  that  if  this  rectangle  can 

be  drawn  to  the  desired  scale  without  running  off  the  paper 

there  is  no  need  of  making  the  preliminary  plot. 

(c)  Remark.  No  matter  how  the  map  may  be  arranged  with  respect  to 
the  edges  of  the  paper,  after  the  plotting  is  finished  border-lines  may  be 
drawn  in  any  desired  direction  and  the  sheet  trimmed  accordingly.  (See 
p.  504.) 

524.  Plotting  the  Triangulation  Net.  In  extensive  sur- 
veys where  primary  stations  have  been  established  by  ttvaaa!^- 
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latioD,  the  first  step  in  plotting  is  to  lay  out  the  triangnlatJon 
net.  The  lengths  of  the  sides  of  the  triangles  having  been  conh 
puted.  the  lines  may  be  plotted  by  any  of  the  methods  of  plot- 
ting traverses.  Unless  the  method  of  coordinates  is  used  it  is 
well  to  plot  first  those  stations  lying  on  the  outside,  Le.,  in  the 
perimeter  of  the  sm^ey.  Sometimes  the  tnangulation  net  may 
be  plotted 'with  sufiicient  accuracy  by  simply  swin^bg  inter- 
secting arcs  with  radii  corresponding  to  the  lengths  of  the  sideB 
of  the  triangles,  establishing  each  triangle  in  turn  by  this  method. 
Occasionally  a  station  may  have  to  be  plotted  by  the  three- 
point  method  (p.  462). 

525.  Plotting  Traverses.   ( A  sunmiary  of  C^iapter  XXXIX.) 

1.  For  every  method  of  running  traverse  lines  in  the  fidd 
there  is  a  corresponding  method  of  plotting.  In  addition  there 
is  the  method  of  latitudes  and  departures. 

2.  In  accurate  work  the  ordinary  protractor  should  not  be 
used  for  plotting  traverses.  Use  it  for  checking  an^es.  Evoi 
vernier  protractors  wilhnot  give  as  accurate  results  as  can  be 
obtained  by  other  methods. 

3.  The  tangent  method,  the  cosine  and  sine  method,  and  the 
chord  method  are  used  for  laying  off  direct  angles,  deflection 
angles,  bearings,  and  azimuths.  Latitudes  and  departures  are 
used  for  accomplishing  the  same  results  indirectly. 

4.  Transit  lines  must  be  plotted  with  more  than  ordinary 
care,  since  upon  them  the  accuracy  of  the  whole  map  depends. 
Use  hair  lines  and  prick  points. 

5.  Before  beginning  to  plot,  get  together  all  data  that  will  be 
needed,  including  the  tangents  or  chords  of  all  angles  to  be 
plotted  if  corresponding  methods  are  employed  (see  p.  484) 
or  the  two  colimms  of  coordinates  if  latitudes  and  departures 
are  used. 

(a)   FIVE  METHODS  OF  PLOTTING  TRANSIT  LINIS 

• 

(1)  Each  line  plotted  from  the  preceding  line.  (See  p.  464.) 
The  tangent  method,  the  cosine  and  sine  method,  or  the  chord 
method  is  used  for  laying  off  the  angle  (or  its  complement  or 
supplement).  A  base  of  10''  or  a  radius  of  10"  is  convenient 
to  use.  Check.  Test  the  bearing  of  the  last  line,  and  if  there 
are  many  lines  apply  a  similar  check  at  every  fourth  or  fifth 
Bt&tion. 
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(2)  Each  line  plotted  by  a  deflection  angle.  (See  p.  466.)  A 
modification  of  the  preceding  method.  Used  in  railway  work 
and  other  similar  surveys.     Checks  same  as  in  (2). 

(3j  Each  line  plotted  from  its  bearing,  (See  p.  467.)  (1)  Draw 
a  20''  square,  subdivide  into  four  1(K'  squares  to  correspond  to 
the  four  quadrants  of  bearing,  plot  each  bearing  in  its  proper 
square  by  measuring  ten  times  the  tangent  along  thejsdde  of  the 
square.  A  better  method  stiU  is  to  make  one  10''  square  answer 
for  all  four  quadrants.  (2)  Draw  a  circle  20"  in  diameter, 
divide  into  quadrants  of  bearing,  and  plot  each  bearing  in  its 
proper  quadrant  by  its  chord.  Four  90°  arcs,  the  four  centers 
of  which  are  comers  of  a  10"  square,  may  be  used  in  place  of  a 
20"  circle,  but  no  advantage  is  gained  except  in  economy  of 
space.  Check,  Test  the  angle  between  traverse  lines  at  each 
station.  There  is  no  single  check  which  checks  all  previous 
courses. 

A  modification  of  this  method  is  to  draw  parallel  meridians 
through  the  stations,  and  to  lay  off  bearings  from  these  meri- 
dians. Another  method  is  to  draw  a  series  of  10"  squares.  (See 
p.  471.) 

(4)  Each  line  plotted  from  its  azimuth.  (See  p.  471.)  Practi- 
cally the  same  methods  can  be*used  as  those  given  for  bearings. 

(5)  Transit  lines  plotted  from  the  latitudes  and  departures. 
(See  p.  471.)  The  most  westerly  station  is  chosen  as  an  origin, 
and  each  station  is  plotted  by  its  two  codrdinate  distances 
(1)  north  or  south,  (2)  east  from  the  origin.  The  coordinates 
are  computed  by  adding  algebraically  first  the  latitudes,  then 
the  departures,  starting  with  0  and  0  as  the  co5rdinates  of  the 
most  westerly. station,  and  finding  the  codrdinates  of  each  suc- 
cessive station  in  order.  As  a  convenient  method  of  meas- 
uring the  coordinates  a  rectangle  is  drawn,  the  sides  of  the 
rectangle  passing  through  the  extreme  east  and  west,  north  and 
south  stations.  If  preferred,  two  coordinate  axes  through  the 
most  westerly  station  may  be  used  instead  of  the  rectangle. 
For  very  accurate  work  do  not  rely  upon  the  T-square  and  tri- 
angles, but  observe  the  caution  on  p.  473.  Check.  Measure  the 
length  of  each  traverse  line,  and  in  addition  test  the  angle  be- 
tween two  lines  if  one  line  is  nearly  parallel  to  a  codrdinate  axis. 

(6)  Methods  of  plotting  traverses  are  compared  on  page  475. 
The  method  of  latitudes  and  departures  is  the  best  for  general 
work. 
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526.  Checks  Used  in  Plotting.  Precautions  and  checks  aie 
used  constantly  in  field  work;  similar  precautions  and  checks 
should  be  used  in  plotting.  A  draftsman  can  accomplish  more 
in  the  long  run  if  he  will  check  his  work  as  he  goes  along.  No 
reUance  can  be  placed  upon  a  map  which  has  not  been  checked. 

Some  of  the  methods  given  in  this  article  are  only  approxi- 
mate checks  intended  to  disclose  blunders  in  plotting,  but 
blimders,  perhaps,  are  more  common  than  small  errors. 

(a)  Checks  for  linear  measurements.  (1)  Any  straight  line 
may  be  divided  into  two  or  more  segments,  each  segment  scaled 
separately,  and  the  sum  of  the  results  compared  with  the  length 
of  the  line  given  in  the  field  notes.  (2)  Several  lines  may  be 
scaled,  the  results  recorded  on  paper,  and  then  compared  with 
the  corresponding  distances  in  the  field  notes.  This  is  better 
than  to  look  up  a  distance  in  the  field  notes  and  then  scale  the 
corresj)onding  line,  for  in  the  latter  method  the  mind  is  preju- 
diced, and  any  mistake  made  originally  in  laying  ofif  a  distance 
may  be  repeated.  (3)  To  check  lines  of  a  traverse,  lay  a  paper 
straight-edge  on  the  drawing,  mark  off  the  lengths  of  the  lines 
consecutively  along  the  edge  of  the  paper,  each  line  beginning 
at  the  end  of  the  preceding  line,  and  scale  the  total  distance  to 
see  if  it  equals  the  sum  of  the  lengths  of  all  the  traverse  lines. 
This  method  is  particularly  useful  when  the  plus-station  system 
of  numbering  (p.  147)  is  employed,  since  the  station  number  of 
each  mark  as  read  from  the  scale  may  be  compared  with  that 
given  in  the  notes.  (4)  When  two  points  are  plotted  by  in- 
direct measurements,  always  scale  the  distance  between  them 
as  a  check.  Thus,  for  example,  when  two  sides  of  a  triangle 
have  been  laid  off,  scale  the  third  side  to  see  if  it  agrees  with 
the  length  given  in  the  field  notes.  This  method,  which  is 
often  a  check  on  angles  as  well  as  distances,  is  especially  useful 
in  checking  Unes  plotted  by  latitudes  and  departures. 

(6)  Checks  for  angles,  (1)  To  check  an  angle  which  has  been 
laid  off  with  a  protractor,  measure  its  complement  or  some  oth^ 
related. angle  which  requires  a  shifting  of  the  protractor,  instead 
of  checking  the  angle  itself.  (2)  Two  or  more  adjacent  angles 
may  be  tested  by  measuring  the  sum-angle.  (3)  Never  plot  an 
angle  by  the  chord  method  or  the  tangent  method  without 
checking  it  roughly  with  a  protractor.  (4)  In  plotting  traverse 
lines,  always  compute  the  azimuths  or  the  bearings  of  all  of  the 
lines.    If  the  lines  are  plotted  by  azimuths  or  bearings,  check 


PLOTTING  THE  MAP  495 

tlte  angle  between  the  traverse  lines  at  each  station,  and  vice 

vena  if  the  traverse-line  angles  have  been  plotted  check  the 

azimuths  or  bearings,  as  more  fully  explained  in  the  preceding 

chapter.     The  aim  should  be  to  check  one  angle  by  measuring 

an  entirely  different  angle  to  avoid  repeating  mistakes. 

If  the  traverse  lines  form  a  closed  figure,  the  check  angles  may 

be  measured  with  the  protractor,  otherwise  measure  them  by 

some  method  as  accurate  as  that  used  for  plotting  the  original 

angles. 

Question.    What  check  often  employed  in  the  field  corresponds  to  the 
check  used  for  traverses  plotted  by  direct  or  deflection  angles? 

(c)  Combination  checks.  (1)  Check  a  reference  rectangle  by 
measuring  the  opposite  sides  and  also  the  diagonals  to  see  if 
they  are  equal.  (2)  If  a  traverse  closes,  not  only  should  the 
closing  line  pass  through  the  first  station  but  the  distance  from 
the  last  station  to  the  first  should  agree  with  the  distance  meas- 
ured in  the  field.  (3)  When  an  extra  distance  or  angle  has  been 
measured  in  the  field  as  a  check,  this  distance  or  angle  should  be 
tested  on  the  map. 

(d)  To  "  run  down  "  an  error.  If  traverse  lines  forming  a  poly- 
gon do  not  close  when  plotted,  the  error  may  often  be  "run 
down"  without  going  over  all  of  the  work  again,  by  making  the 
following  tests.  (1)  If  the  error  of  closure  is  in  a  direction  par* 
allel  to  some  line  in  the  traverse,  test  the  length  of  that  line; 
if  it  is  perpendicular  to  the  line,  test  the  bearing.  (2)  If  a 
traverse  has  been  plotted  by  direct  angles  or  by  defection  angles, 
calculate  the  bearing  of  the  last  line  and  see^if  the  angle  between 
this  line  and  the  meridian  agrees  with  the  calculated  value;  if 
it  does  the  directions  of  all  the  Unes  are  probably  correct.  In 
that  case  test  the  lengths  as  directed  on  page  494.  (3)  If  by 
the  test  in  (2)  an  error  in  the  direction  of  the  last  line  is  found, 
apply  the  same  test  to  some  preceding  line,  say  three  or  four 
stations  back.  Continue  to  make  the  test  until  a  line  is  found 
whose  direction  is  correct  and  then  work  forward  applying  the 
test  at  each  station.  (4)  When  lines  have  been  plotted  by  bear- 
ings or  azimuths  no  single  test  can  be  made;  it  is  well  to  begin 
at  the  last  station  and  to  work  backward,  testing  the  direct 
angle  or  the  deflection  angle  at  each  station.  (5)  If  a  j)oint  is 
obviously  wrong  and  the  mistake  is  not  easily  found,  try  to 
arrive  at  the  same  point  from  some  other  direction.  (6)  Keep 
in  mind  the  effect  of  slight  changes  in  the  bearings  o(  Um^Vcafi», 
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and  of  lines  nearly  north  and  south  or  east  and  west.  (See  (t) 
and  (4),  p.  397.) 

527.  Plotting  Details.  In  Chapter  XIII  are  given  differant 
methods  of  locating  details  in  the  field  corresponding  to  the 
seven  methods  of  locating  a  point  given  on  page  4.  The  woik 
of  plotting  details  is  simply  the  reverse  of  that  done  in  the 
field,  enough  points  being  established  to  determine  the  outlinei 
of  the  details. 

(a)  Points  located  by  angles  and  distances.  Usually  the  dis- 
tances from  the  station  to  the  points  located  are  comparativdy 
short,  frequently  less  than  100  ft.  Moreover,  if  a  slight  error 
is  made  in  plotting  a  point,  it  does  not  affect  the  entire  survey 
as  does  an  error  in  plotting  a  station.  Hence  in  plotting  details 
the  protractor  is  generally  used  for  laying  ofif  angles.  One  of 
the  most  convenient  forms  is  shown  on  page  456.  Usually 
there  are  a  number  of  points  located  from  the  same  staticm, 
and  as  fast  as  they  are  plotted  they  should  be  numbered  in  such 
a  way  that  there  will  be  no  difficulty  or  confusion  in  drawing 
the  outlines.  Frequently,  only  two  or  three  points  of  a  build- 
ing or  other  rectangular  object  are  given,  the  perpendicular 
sides  being  completed  with  the  triangle  and  scale. 

(&)  Points  located  by  angles  only.  Angles  are  laid  off  and  the 
lines  numbered  so  that  the  required  points  of  intersection  may 
be  foimd  without  confusion.  The  method  of  plotting  a  point 
located  by  the  three-point  method  is  explained  on  page  462. 

(c)  Points  located  by  linear  measurements  only.  Frequently 
the  right  angles  for  perpendicular  offsets  may  be  estimated  by 
eye,  especially  in  plotting  indefinite  details,  such  as  edges  of 
streams  and  roads.  A  point  located  by  two  intersecting  dis- 
tances may  be  plotted  by  swinging  two  arcs  with  the  com- 
passes, or  better  still  by  swinging  one  arc  and  using  the  scale. 
This  applies  especially  to  all  tie-line  methods.  To  test  the 
straightness  of  a  line  located  by  offsets,  such  for  example  as  a 
fence  line,  plot  the  offsets  on  another  paper  (cross-section  paper 
will  often  answer  the  purpose),  using  an  exaggerated  scale  for 
offsets  just  as  heights  are  laid  off  to  an  exaggerated  scale  in 
plotting  profiles.  This  is  especially  useful  in  determining 
boimdaries. 

(d)  Oeneral  ntgoMtiona.  (1)  Keep  the  drawing  free  from  mmeowary 
lines.  Thus  in  plotting  by  angle  and  distance  it  is  not  neceeaary  to  dnw 
radial  lines  clear  to  the  station;  draw  only  the  portions  near  the  points 
JaoatMJ.    Likewise  draw  only  short  portions  of  intersecting  arcs. 
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(2^)  Test  all  check  distances  or  angles.  For  example,  if  two  houses  are 
plotted  independently  and  the  shortest  distance  between  them  is  given 
m  the  notes,  alwajrs  check  this  distance  on  the  map.  Likewise  test  all 
the  lintj  eiven  as  checks.  If  an  angle  is  given  to  a  point  not  for  the  pur- 
pose of  plotting  but  as  a  check,  the  field  work  in  measuring  the  angle 
goes  fof  nothing  unless  the  angle  is  tested  on  the  map. 

(3)  Make  it  a  practice  to  plot  all  the  important  points  at  a  station  first, 
such  for  example  as  the  main  comers  of  a  Duilding  or  of  a  street. 

(4)  Do  not  waste  time  in  trying  to  establish  some  one  point  which 
does  not  6ome  right.  After  a  reasonable  effort  to  locate  it  leave  it  and 
plot  the  nearby  points.  Frequently  when  they  are  plotted  the  location 
of  the  doubtful  point  will  be  evident. 

528.  Interpolating  a  Contour  means  plotting  a  number  of 
points  through  which  the  required  contour  passes,  by  interpo- 
lating each  point  between  two  points  already  plotted,  one 
higher,  the  other  lower  than  the  contour.  Assuming  the  ground 
to  slope  imiformly  between  any  two  points  used  for  interpola- 
tion, there  are  a  number  of  methods  of  finding  the  position  of 
the  required  point. 

(a)  Graphic  method.  When  the  surface  of  the  groimd  has 
been  divided  into  squares  or  rectangles  and  the  height  of  each 
comer  is  given,  points  may  be  interpolated,  as  explained  on 
page  433. 

Remark.  ^  Any  three  points  on  the  surface  of  the  ground  will  lie  in  some 

Elane,  but  it  is  not  often  that  more  than  three  points  lie  in  the  same  plane, 
[ence  if  a  point  is  found  by  interpolating  between  two  given  points  on 
the  map  it  cannot  be  checked  by  interpolating  between  two  other  points. 
Thus,  for  example,  if  a  point  has  been  interpolated  between  two  diagonally 
opposite  comers  of  a  square,  it  is  not  likely  that  it  will  coincide  with  a 
point  interpolated  between  the  other  two  comers,  for  it  is  not  likely  that 
all  four  comers  lie  in  the  same  plane.  This  applies  especially  to  the  above 
method  of  interpolation,  but  it  should  be  kept  in  mind  in  interpolating 
by  any  of  the  other  methods. 

(6)  Tracing-cloth  method.  Let  A  and  B,  Fig.  528  (6),  be  two 
points  on  a  map  whose  elevations  are  30.3  and  32.7  ft.  respect- 
ively. It  is  desired  to  interpolate  two  points  whose  elevations 
are  31  and  32  ft.  A  piece  of  tracing-cloth  is  ruled  with  hori- 
zontal lines,  any  convenient  distance  apart,  each  space  represent- 
ing 0.1  ft.,  and  the  hues  representing  whole  feet  being  numbered 
from  0  to  10.  Any  point  on  the  line  representing  0.3  ft.  is  set 
at  A  and  held  there  by  a  prick  point.  The  tracing  is  then  swung 
on  this  point  as  a  pivot  until  the  2.7-ft.  Une  passes  through  B. 
The  points  where  the  1-ft.  line  and  the  2-ft.  line  crosses  AB 
are  pricked  through,  for  they  are  the  required  points.  Thus 
the  tracing-cloth  can  be  used  over  and  over  for  interpolating 
Emy  number  of  points. 
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(c)  Home-made  device.  Let  the  parallelogram  in  Fig,  628  (e) 
represent  the  inside  edges  of  a  jointed  frame  with  paralM 
threads  stretjihed  acroaa,  euch 
as  that  shown  in  Fig.  528  (d). 
Let  it  be  required  to  ioU^ 
polate  between  two  points,  A 
and  B,  whose  elevations  are 
52.3  and  58.6  respectively.  Set 
the  2.3  point  on  one  edge  at  A 
and  the  8.6  point  on  the  other 
edge  at  B.  Then  thread  5  wiD 
croEs  AB  at  a  point  on  the  5Mt. 
contour.  Likewise  if  points  on 
the  53-,  54-,  56-,  57-,  and  58-ft 
contours  are  desired  they  will  be  where  the  corresponding 
threads  cross  AB. 
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n  making  this  device  the  number  and  spacing  of  thi«ads 
depend  upon  the  conditions  named  in  the  auggeationa  given 
ve  for  drawing  lines  on  tracing-cloth.  The  directions  tor 
dng  the  particular  form  shown  in  Fig.  528  (d)  were  given 
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FiQ.  528(d). 
ilr.  I.  T.  Famhara  in  the  Engineering  Newt,  July  30,  1903. 
I  is  one  of  the  best  of  a  number  of  devices  in  common  use, 
.epending  upon  the  principle  of  similar  triangles.* 
19,  Accuracy  Required  In  Plotting.  The  same  consid- 
lOns  wliicli  determine  the  accuracy  required  in  field  work 
)  and  govern  the  choice  of  scale  (p.  4S0)  will  detern 
iccuracy  required  in  plotting.  As  a  rule,  distano^ 
lid  off  as  accurately  a^  the  scale  adopted  will  permit.' 
arts  of  a  map,  however,  should  be  plotted  with  the  same 
racy.  Plot  accurately  things  located  accurately  in  the 
— sliglit  things  eUghteU  in  the  field.  Thus,  for  example, 
;rse  Unas  and  boundary  Unee  should  be  plotted  accurately, 
ndefinite  or  unimportant  det^ls  such  as  rivei^banka,  paths, 
I  roads,  and  contour  lines  may  be  plotted  with  much  less 


0.  Speed,  The  suggestions  concerning  speed  in  field  work 
)  hold  good  for  plotting  also.  Perhaps  nothing  contributes 
)eed  more  than  working  up  the  field  notes  properly,  and 
ag  data  togetlier  before  beginning  to  plot.  (Chapter  XL.) 
hand  skctclit^  of  transit  lines  with  angles  and  distances 
ed  on  the  sketches  will  often  save  delay  in  looking  up 
.  Skill  in  using  the  drawing  instruments  should  be  sup- 
jnted  by  an  economical  method  of  procedure.  Like  oper- 
i  should  be  grouped.     Thus,  for  example,  all  lines  that  can 


,  100. 


;  1900,  Vol.  I,  pp.  211,  307.  410,  and  IBOO.  Vol. 
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be  drawn  with  one  position  of  the  T-square  and  triangles  should 
be  finished  before  beginning  another  set  of  lines.  When  tbs 
scale  is  in  hand,  all  measurements  which  can  be  made  at  tint 
time  should  be  laid  off.  Make  sure  that  the  skeleton  of  the 
survey  is  correct  by  systematic  checks  (p.  494)  before  plotting 
details. 

531.  Copying  and  Transferring  Maps.  Several  methods 
are  given  below. 

(1)  Pin  the  map  to  be  copied  on  the  drfiwing-board  with  9 
clean  sheet  of  paper  imdemeath,  and  prick  through  the  im- 
portant points  with  a  sharp  fine  needle.  Work  with  system 
so  as  not  to  omit  any  points,  and  when  the  upper  sheet  is  re- 
moved find  first  the  points  which  determine  the  principal  lines 
and  then  work  up  the  less  important  details.  Several  copies 
can  be  pricked  at  once,  and  the  holes  in  the  original  map  may 
almost  be  obliterated  by  rubbing  them  on  the  back  of  the  sheet 
with  a  smooth  hard  substance. 

(2)  Copy  the  map  with  a  pantograph  (p.  443). 

(3)  Trace  the  map  and  print  it  on  blue  or  brown  process 
paper  (pp.  451  to  454). 

(^^t^Bule  squares  of  any  desired  size  on  the  original  map, 
draw  ilk' equal  number  of  squares  on  another  sheet  of  paper, 
and  plot  each  important  point  by  its  distances  from  two  sides 
of  the  square  in  which  it  is  located.  Unimportant  points'  may 
be  located  by  eye.  If  it  is  desired  to  reduce  or  enlarge  the  map 
draw  the  squares  on  the  clean  sheet  to  a  smaller  or  larger  scale. 

(5)  Trace  the  map  on  thin  tough  tracing  paper,  rub  the 
reverse  side  of  the  paper  along  all  of  the  lines  with  a  soft  black 
pencil,  pin  the  paper  over  a  clean  sheet  of  drawing  papo", 
blackened  side  downward,  and  go  over  the  fines  with  a  sharp 
hard  pencil  under  moderate  pressure.  This  will  leave  a  faint 
tracing  on  the  clean  paper  which  can  be  inked  afterward.  While 
rubbing  the  lead  on  the  back  of  the  tracing  paper,  lay  the 
latter  on  a  hard  smooth  surface,  as  a  steel  triangle,  so  that  the 
lead  will  spread  evenly. 

(6)  Maps  may  be  copied  by  the  aid  of  light  from  beneath, 
just  as  small  tracings  on  thick  paper  can  be  made  by  bidding 
the  two  sheets  against  a  window  pane.  The  map  with  the  clean 
paper  over  it  should  be  laid  on  a  sheet  of  glass  and  a  strong 
light  reflected  through  from  beneath.*    A  cloth  may  be  thrown 

^See  Enffineering  News.  Dec  29,  1004,  for  a  frame  modeled  UUt  ft 
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over  the  head  to  exclude  all  light  except  that  which  comes 
through  the  glass. 

(7)  Maps  may  be  photographed — a  method  chiefly  used  for 
producing  small  copies  for  printed  reports  by  the  method  of 
photo-reproduction. 

Only  methods  (2),  (4),  and  (7)  can  be  used  for  copying  to  a 
different  scale  from  that  of  the  original  map.  Method  (3)  is 
the  most  cominon,  since  any  number  of  prints  can  be  made 
from  one  tracing.  Method  (4)  is  used  a  good  deal  for  drawing 
portions  of  government  maps  to  larger  scale.  Method  (5)  is 
particularly  useful  in  city  work,  such  as  transferring  plots  of 
buildings  from  one  sheet  to  another. 

— ~ 

{>hotographer'8  retouching  frame,  and  also  for  a  rough-and-ready  expedient, 
or  camp  use  made  from  a  light  placed  in  a  box  or  barrel,  with  a  piece 
of  glass  across  the  top. 


CHAPTER  XLII 


FINISHING  THE  MAP 


Finishing  the  map  includes  such  work  as  inking,  tracing, 
coloring,  lettering,  water-lining,  putting  on  conventional  siffoB,  daBicniiif 
titles,  drawing  meridian  needles,  ruling  bonier  lines,  and  cleaning  thediraw- 
ing.     Directions  and  suggestions  for  this  work  are  given  in  this  ohapter. 


532.  Requirements    for    Maps.      Certain    requiremeats 

Ov^nmon  to  all  good  maps  are  given  below,  followed  by  adifi- 
tional  requirements  to  be  kept  in  mind  when  drawing  main 
for  special  purposes. 

(a)  Specifications  for  workmanship.  (1)  Clean-cut  ink  linn 
accurately  drawn  (p.  446) — plain  unmistakable  figures  (p.  27) 
— good  lettering  (p.  507) — symmetrical  and  orderly  arran^ 
ment  (p.  504) — neat  appearance. 

(6)  What  in  general  should  appear  on  a  map,  (1)  A  neat, 
explicit  title.  (2)  The  scale  given  in  figures  and  also  drawn 
on  the  map.  (3)  A  meridian  needle  showing  the  direction  of 
,the  true  meridian,  or  two  needles  showing  the  direction  of  the 
true  and  of  the  magnetic  meridian,  vnth  the  magnetic  dedinaium 
given  in  figures.  (4)  Important  data  such  as  the  date  and  the 
name  of  the  surveyor.  (5)  A  simple  border  line.  (6)  Explan- 
atory notes.     (7)  A  key  to  all  symbols  used. 

(c)  Remark.  In  some  cases,  as  for  example  when  maps  are  mado  for 
photo-reproduction,  the  scale  is  drawn  but  not  given  in  figures.  Wbai 
a  magnetic  meridian  adds  nothing  to  *the  value  of  a  map,  as  la  often  thi 
case,  it  is  better  to  draw  only  the  true  needle,  and  to  omit  the  value  of  tht 
declination.  A  note,  however,  should  make  clear  that  it  is  the  true  tad 
not  the  magnetic  needle  which  is  shown. 

(d)  Additional  requirements  for  an  ordinary  map  will  depend, 
of  course,  upon  the  use  to  which  the  map  will  be  put.  Assuming 
that  this  consideration  governed  the  field  work,  it  is  probable  that 
any  data  which  appear  in  the  field  notes  (in  addition  to  those 
required  for  plotting)  should  appear  also  on  the  map.  The 
most  important  requirements  for  an  ordinary  property  map 
are.    (1)  Property  lines  indicated  as  such.     (2)  Lengths  of  ill 

5Q2 
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»undary  lines  and  character  of  boundaries,  i.e.,  kinds  oi  fences, 
c.  (3)  Angles  at  the  intersections  of  boundary  lines.  (4) 
)ints  of  intersection  (boundary  comers)  properly  referenced 
th  respect  to  permanent  objects,  and  all  monuments  marked 
such.  (5)  Street  lines,  curb  lines,  and  building  lines  clearly 
dicated  as  such.  (6)  Property  lines  of  adjoining  land  which 
tersect  the  boundaries  of  the  tract  surveyed  shown  and 
Lgles  given.  (7)  At  least  one  boundary  line  properly  ref cr- 
eed (by  offsets  and  bearing  if  possible,  see  remark,  p.  203). 
)  Names  of  the  proprietors  of  adjoining  land.  (9)  Names  of 
reets,  streams,  etc. 

(«)  Remark.  Incomplete  maps  are  sometimes  as  bad  as  inaccurate 
ips,  and  are  frequently  the  cause  of  boundary  disputes.  In  some  states 
od  laws  exist  prescribing  what  shall  appear  on  a  map  before  it  will  be 
leived  for  public  record.  Among  such  requirements,  in  addition  to 
Dse  given  above,  are :  The  certificate  of  the  surveyor  that  the'  plat  is 
son^t  one,  and  that  the  monuments  described  in  it  have  been  planted 
therein  described;  also  the  acknowledged  signatures  of  all  persons 
ssessing  title  to  any  of  the  land  in  the  tract,  and,  sometimes    those  o' 

{'oining  owners, 
n  a  paper  on  The  Ownership  of  Surveys  and  what  Constitutes  a  Survey 
d  Map  Professor  William  G.  Raymond  discusses  the  requirements  for  a 
od  map,  and  makes  some  particularly  valuable  suggestions  concerning 
vpa  intended  for  public  record.  This  paper  originally  appeared  in 
te  Polytechnic^  the  student  journal  of  Rensselaer  Polytechnic  Institute, 
d  is  reprinted  in  Professor  Raymond's  Plane  Surveying  asid  also  in  Pron 
isor  Johnson's  book  on  surveying.  j 

(/)  Requirements  for  topographic  maps  in  addition  to  those 
ready  given  are:  (1)  Contours  shown  and  plainly  marked 
ith  elevations  (p.  518).  (2)  Different  topographic  features 
dicated  by  conventional  signs  (p.  519).  (3)  Datum  (actual 
assumed)  given  in  a  note  (p.  527).  (4)  Different  portions 
the  map  tinted  with  different  colors  (p.  522).  This  last 
quirement  is  for  a  limited  class  of  maps  only. 

ig)  Remark.  Maps  for  special  purposes  must  meet  special  requirements, 
lus,  for  example,  on  page  211  are  given  the  requirements  for  a  map 
ide  for  an  architect.  Entirely  different  data  must  be  given  on  maps 
'  use  in  landscape  work,  mining,  railroad  work,  and  court  proceedings, 
le  aim  should  he  to  make  maps  for  such  purposes  explicit  and  complete 
j^'si  working  drawing,   with  all  necessary  dimensions  and  explanatory 

533.  The  General  Method  of  Procedure  in  finishing  a  map 
ter  It  has  been  plotted  in  pencil  may  be  outlined  as  follows: 
)  Dpcide  upon  the  general  arrangement  of  border  lines, 
ttering,  etc.,  and  draw  the  working-limit  line,  (See  the  next 
tide.)  (2)  Ink  in  the  main  lines  such  as  street  lines,  boundary 
les,  etc.  (p.  506).  (3)  Ink  in  details  such  as  buildings, 
reams,  etc.  (4)  Letter  the  map,  putting  on  dimensions  and 
e  small  single-stroke  lettering  first,  but  sketcVdi^^  \Xi^  \i<dxc^<e& 
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of  streete,  streams,  property  owners,  etc..  In  pendl  if  fbn 
is  any  likdihood  of  the  small  lettering  interfering  with  or  CRnrd- 
ing  the  principal  names  (p.  506).     {.'>)  Finish  the  convattiooA 
signs   if   there  are  any.      (6)  Print  the  title  and 
notes  (p.  623).     (7)  Draw  the  meridian  needle  and    the 
(p.  526).     (8)  Draw  the  kqr  or  legend,  if  one  is  neceasaiy. 

Nala.  Hui  abore  method  of  prandnra  nuj'  be  foDavad  iriiOLta'  Oi 
Rup  is  traced  or  ioked  directly  on  tbe  drawing  paper.  If,  howvnr,  tia 
map  is  to  be  tinted,  the  tinU  may  be  laid  on  before  biking.  tbDogii  nui 
enjpneen  preCdr  to  use  walerprooE  ink  and  to  Iftf  oa  the  tiot  altar  inkjac 

534.  Arrangement,  (a)  Border  lina.  Draw  the  bsnkr 
lines  in  pencil.  If  they  are  to  be  square  with  the  points  of  tbt 
compass  (a  question  discussed  on  page  490)  one  sida  of  Um 

Not  more  thaji  tl  Incbea  > 


^^5^^^^ 

BBSS -^  Correct-^/ 

f:i;^Border  line  maybe 

■I 

broken  If  necessary 

X^  Correct 

\     ^^-'-'^Eiplanfttory 
V^             at  bottom  at 

„      Title  goes  In 
ni'lesl        this  comer 
"^P    K            Scale  = 

^ 


,*-WorklnglImit(peneil)J>lnoliliisiae  border 
nine  (inked) 

ning  llDe(i)eiioIl)Uf  Inch  oatslde  border 
Pra.  634. 


rectan^e  is  ^ther  .drawn  parallel  to  a  meridian  line  or  «be  ' 
plotted  from  a  line  of  known  bearing.  If  the  directions  of  border 
lines  are  immaterial,  draw  the  smallest  rectangle  oousistsit 
with  a  good  arrangement  of  the  map  as  a  whole.  Space  must 
be  provided  for  a  title,  a  meridian  needle,  and  the  neceasaiy 
eitplanalory  notes.  Draw  a  pencil  guide  line  absut  \  in.  insidt  ' 
of  the  border  line;  no  line  of  ths  map  should  extend  b^ond 
this  working  limit.    Draw  anotber  pencil  line  from  I  to  1|  in.  ' 
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cnitfflde  of  the  border  line  which  will  be  the  edge  of  the  finished 
drawing  after  it  is  trimmed.  Avoid  making  a  map  square,  ot 
with  its  vertical  edge  much  longer  than  its  horizontal  edga 
In  Fig.  534  the  over-all  dimensions  are  such  that  the  tracing 
will  fit  inside  of  a  standard  blue-print  frame  designed  for  sheets 
of  ''double-elephant"  size.     (See  p.  623  for  inking  border  lines.) 

(b)  Lettering.  Having  decided  which  edge  of  the  map  is  to 
be  the  tc^  (see  p.  490),  print  words  and  dimensions  so  that  they 
can  be  read  when  either  the  bottom  or  the  right-hand  edge  of 
the  map  is  held  next  to  the  bDdy,  i.e.,  print  from  left  to  right 
and  from  the  bottom  upward.  In  only  one  case  shoidd  the 
printing  read  downward — when  the  line  extends  in  the  general 
direction  of  a  diagonal  from  the  upper  left-hand  comer  to  the 
lower  right-hand  corner  of  the  map.  (See  p.  517.)  It  is  a  very 
common  mistake  for  beginners,  working  from  different  edges 
of  the  drawing-board,  to  put  on  dimensions  and  words  upside 
down,  especially  dimensions.     (See  Fig.  534.) 

(c)  Tides,  The  best  place  for  a  title  is  in  the  lower  right- 
hand  comer,  for  in  searching  through  a  pile  of  maps  it  is  con- 
venient to  raise  simply  the  lower  comer  of  each  map  without 
disturbing  the  pile  until  the  title  of  the  map  sought  for  is  ex- 
posed to  view.  Frequently,  however,  there  is  no  room  for  a 
title  in  the  lower  right-hand  corner,  or  there  is  a  much  larger 
vacant  space  elsewhere  in  which  it  is  desirable  to  place  the  title 
for  the  sake  of  a  symmetrical  appearance.  For  the  same  reason 
the  meridian  needle  and  explanatory  notes  are  placed  in  the 
most  open  space,  though  as  a  rule  the  explanatory  notes  should 
be  near  the  title,  and  the  meridian  needle  near  tlie  bottom  of 
the  map.  Never  place  the  title  inside  of  the  froperty  mapped. 
(See  page  523  for  size  of  title.) 

{d)  Names  of  streets,  streams,  property  owners ^  etc.,  are  placed  in 
vacant  spaces  where  they  will  catch  the  eye,  but  not  where  they 
will  obscure  any  part  of  the  map.  If  possible  place  the  names 
of  a  street  in  Ihe  center  of  that  street,  and  the  name  of  a  proper  y 
owner  parallel  to  the  boundary  line  between  his  land  and  the 
property  mapped. 

(e)  Final  suggestions  for  arrangement*  (1)  Put  on  necessary 
dimensions  before  printing  words,  and  do  not  put  on  either 
until  the  lines  of  the  map  have  been  inked.  (Note  an  exception 
in  section  lining,  p.  522.)  (2)  Ink  the  border  line  last — it 
may  have  to  be  changed  slightly.     (3)  When  wotkm^  ow  \X\^ 
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miscellaneous  small  lettering,  plan  to  leave  space  for  the 
which  require  large  letters — ^it  is  frequently  expedient  to  8k0tdi 
the  latter  roughly  in  pencil  first. 

'  535.  Inking.  (1)  Make  sure  that  the  ruling  pen  is  in  good 
working  order  before  beginning  to  ink  (p.  440).  (2)  Make  the 
lines  clear  cut  and  fairly  heavy  especially  on  tracings — the  gemesal 
tendency  is  to  make  lines  too  light  (p.  451).  Widths  of 
may  vary  according  to  their  importance,  but  use  the 
width  of  line  for  like  details.  (3)  Be  careful  to  follow  the 
pencil  lines  exactly.  Of  what  avail  is  it  to  plot  accuratdy  in 
pencil  only  to  lose  accuracy  in  inking?  (4)  Follow  the  general 
directions  for  inking,  page  446.  (5)  Ink  the  lines  in  the  order 
of  their  importance,  the  most  important  lines  first.  (6)  Edgff 
of  streams  and  similar  indefinite  lines  should  not  be  ruled  bat 
should  be  drawn  free-hand  zigzagging.  Use  a  ruling  pen  or 
a  contour  pen  for  free-hand  work  to  secure  a  uniform  width  of 
line.  (7)  The  map  will  *' stand  out"  better  if  portions  of  the 
outlines  of  details  are  drawn  heavy,  i.e.,  if  outline  shading  is 
employed,  as  in  working  drawing.  (See  the  next  article.)  (8) 
It  is  not  customary  to  ink  the  traverse  lines,  but  if  they  are 
shown  at  all  they  are  usually  drawn  in  red  ink.  If  it  is  desired 
to  show  the  location  of  stations  this  may  be  done  without 
inking  the  traverse  lines  by  merely  drawing  a  very  small  circle 
in  red  ink  around  each  station  point;  small  equilateral  tri- 
angles are  used  for  triangulation  stations.  In  some  maps  such 
as  those  of  mines  it  is  important  to  show  all  stations.  (9)  The 
dashes  in  broken  lines  should  be  short  and  close  together, 
thus: 

536.  Outline  Shading.  City  blocks,  buildings,  bridges, 
outlines  of  land  against  water  and  similar  objects  should  be 
shaded  as  projections,  while  streams,  lakes,  streets,  and  road- 
ways should  be  treated  as  depressions.  Thus,  for  example,  if 
the  top  of  the  map  is  north,  the  south  and  east  sides  of  a  building 
are  the  heavy  lines,  while  in  the  case  of  a  stream  it  is  the  north 
and  west  banks  that  are  shaded.  In  the  free-hand  shading 
of  coast  lines  or  roadways,  half  or  quarter  strength  shade  lines 
at  the  proper  angle  are  sometimes  used. 

537.  Use  of  Colored  Inks.  Lines  which  represent  existing 
features  are  almost  invariably  drawn  in  black,  but  proposed 
changes,  such  as  a  new  layout  for  a  road  or  a  change  of  grade 
/or  a  street,  are  usually  shown  in  red.    Contour-lines  are  fre- 
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quently  drawn  in  83pia  or  seal-brown,  and  water-lines  in  blue 
(except  on  tracings).  These  are  the  principal  colors  used 
unless  a  map  is  tinted.  On  special  maps  additional  colors  are 
used  to  bring  out  different  features,  es,  for  example,  when  the 
workings  in  the  different  levels  of  a  mine  are  shown  on  the  same 
plan  and  a  different  color  is  used  for  each  level.  Dimension 
li4es  are  usually  drawn  in  red  with  black  arrow-heada. 

vo)  Prepared  colored  inks  furnished  in  bottles  are  often  unsatisfactory 
and  deteriorate  rapidly.  Test  by  drawing  several  lines  as  wide  as  will  be 
required  on  the  map.  If  the  ink  seems  thin  and  gathers  at  the  end  of  the 
stroke,  leaving  the  end  of  the  line  a  more  pronounced  color  than  other 
portions,  it  should  be  rejected.  If  water-proof  qualities  are  not  desired 
the  most  satisfactory  colors  can  be  obtained  by  mixing  water-colors  with 
just  enough  water  to  make  the  mixture  flow  readily  from  the  pen.  Use 
scarlet  vermilion  for  red,  burnt  sienna  for  brown,  and  Prussian  blue  for 
blue. 

-538.  Tracings.  General  directions  for  tracing  are  given  on 
p.  451.  Most  of  the  directions  for  finishing  a  map  in  ink 
(Art.  535)  apply  also  to  tracing.  If  colored  inks  are  used  it 
should  be  remembered  that  colors  known  as  "earths,"  such  as 
•deep  yellows  and  browns,  will  give  the  whitest  lines  on  blue- 
prints, while  blues  will  almost  vanish  in  printing  as  they  offer 
little  resistance  to  the  sun's  rays.  Many  of  the  prepared  red 
inks  will  give  only  faint  lines,  but  a  scarlet  vermilion  water-color 
(Art.  537  (a))  will  give  fairly  white  lines. 

When  the  map  has  been  traced  on  the  smooth  side  of  the 
cloth  a  nice  finish  can  be  given  by  rubbing  colored  pencils  on 
the  reverse  or  rough  side,  using  the  conventional  tints  given  on 
page  523.  Hold  the  pencil  flat  to  spread  the  tint  quickly  and 
evenly,  then  use  an  old  dried-up  eraser  to  rub  the  color  down 
until  it  is  free  from  streaks  and  as  uniform  as  a  wash  tint.  Too 
sDft  an  eraser  will  take  the  tint  off  instead  of  rubbing  it  in. 
Fmish  by  rubbing  with  a  cloth.  The  tracing-cloth  will  only 
take  about  so  much  color.  Lighter  tints  may  be  obtained  by 
rubbing  less  color  on  in  the  first  place.  For  streams  and  bodies 
of  water  the  deepest  blue  is  near  the  shore-lines  and  this  is 
gradually  worked  out  to  almost  no  color  in  the  center.  Some- 
times excellent  effects  may  be  obtained  by  section-lining  in 
color  instead  of  spreading  colors  evenly.  For  lettering  tracings 
by  shifting  letters  underneath  see  page  517. 

539.  Lettering.*     Good  lettering  does  not  depend  to  such 
an  extent  as  is  generally  supposed  upon  ability  to  handle  a 

*  The  single-stroke  system  of  lettering  has  already  been  explained  ow. 
pages  24  to  29,  and  hence  this  article  deals  mainly  mtb.  VettAr&  yr^oiOoL.  cab&x\.Ck\i 
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pen.  If  letters  are  properly  formed,  well  proportioned,  and 
well  spaced  the  general  effect  will  be  pleasing  even  though  tin 
strokes  are  made  free-hand  and  are  ragged.  A  knowledge  of 
the  essentials  of  good  lettering  is  all  the  more  important  whoD 
the  ruling-pen  and  straight-edge  are  used,  for  the  mere  fact 
that  the  letters  are  not  drawn  free-hand  indicates  that  an  eztn 
effort  was  made  to  do  good  work,  and  hence  extra-good  resultB 
may  be  expected.  Letters  in  the  same  word  belonging  to 
different  styles  of  alphabets,  and  letters  too  wide  or  too  naiitnr 
for  their  heights^  are  defects  which  show  ignorance,  and  no 
mere  skill  in  execution  can  atone  for  this.  A  knowledge  of 
the  forms  and  proportions  of  the  letters  in  at  least  one  good 
standard  alphabet,  such  as  the  Gothic,  may  be  gained  in  a 
very  short  time  and  will  go  far  toward  helping  the  beginner 
to  do  satisfactory  lettering. 

(a)  Style  of  letters.  Letters  on  maps  should  be  simple 
Ornate  letters  indicate  extra  effort  to  produce  good  effects^ 
and  when  they  are  poorly  executed,  as  they  frequently  are,  the. 
failure  is  more  pronoimced  than  if  only  a  simple  dignified  atyk 
had  been  attempted.  Poor  lettering  may  ruin  the  appearance 
of  a  map,  but  it  is  not  necessary  to  go  to  the  other  extreme  and 
to  give  to  lettering  an  undue  prominence.  Too  often  time  wasted 
in  ornamental  lettering  could  have  been  used  to  advantage  in 
plotting  the  map  more  accurately,  and  occasionally  such  letter- 
ing is  used  to  impress  the  uninitiated  with  the  excellence  of  a 
very  poor  map. 

There  are  two  standard  alphabets  which  form  the  basis  of 
map  lettering,  i.e.,  Gothic  and  Roman,  Capital  letters  of  ib» 
Roman  style  are  simple  and  very  effective.    They  are  perhaps 

be  made  wi^h  single  strokes.  It  is  not  the  intention  to  treat  the  sabjeci 
of  lettering  in  detail,  but  rather  to  guide  the  student  in  hiB  study  ol  books 
on  lettering,  especially  those  recommended  below. 

"Lettering,"  bv  C.  £.  Sherman,  C.E.  (Midland  Publishing  Co.,  ColamfaoB. 
Ohio).  Especially  good  for  forms  and  proportions  of  letters,  for  order  ana 
sequence  of  strokes  in  forming  letters,  and  as  an  all-around  book  on  map 
lettering. 

"  Lettering  for  Draftsmen,  Engineers,  and  Student.^."  by  Gharlee  W. 
Reinhardt  (The  D.  Van  Nostrand  Publishing  Co.,  New  York).  EspeciaUy 
good  for  singlenstroke  free-hand  lettering. 

"Plain  Lettering,"  bv  Professor  Henry  S.  Jacoby  (Engineering  News 
Publishing  Co.,  New  York).  Gives  in  detail  the  exact  form,  and  pn^ 
portions  of  letters  of  different  styles,  and  also  definite  rulee  for  q;>aeuiK. 
E&pecially  adapted  for  exact  work  with  instniments. 

'^Free-Hand  Lettering,"  by  Victor  T.  Wilson,  M.E.  (John  Wiley  A 
Sons).  An  admirable  presentation  of  "the  development  of  a  letter,  a  word, 
or  lines  of  words  by  the  sketch  method,  analogous  to  that  used  in  other 
^ree-hand  drawing. 
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nost  beautiful  of  all  letters,  but  the  spurs,  delicate  serifs, 
hair-lines  are  difficult  to  draw,  and  if  not  executed  well 
are  especially  noticeable  because  the  eye  is  so  accustomed 
ae  comparatively  perfect  forms  in  ordinary  type.  The 
jnt  is  therefore  advised  to  adopt  the  Gothic  style  and  to 
to  it  imtil  he  has  become  skillful  enough  to  undertake  the 
\  One  alphabet  thoroughly  mastered  will  pave  the  way 
lother.  Letters  may  be  drawn  upright  or  inclined.  It  is 
iwhat  easier  to  secure  a  uniform  appearance  if  the  letters 
inclined,  since  slight  variations  from  the  standard  slope 
ess  noticeable  than  equal  variations  from  the  vertical. 
)  The  general  method  of  procedure  is  to  draw  top  and 
jm  guide-lines  in  pencil,  to  block  out  the  letters  with  a  sharp 
il,  and  then  to  ink  them  with  a  writing-pen.  Even  an  expert 
lly  requires  a  bottom  guide-line,  and  the  beginner  will  need 
at  the  top  also. 

)  The  size  op  letters  depends  upon  the  importance  of 
object  described,  the  scale  of  the  drawing,  and  the  size  of 
map.  The  following  proportions  are  approximately  those 
ested  by  Professor  Charles  McMillan:* 


Scale  Largest  Upright  Letters  for  £x- 

Eua 


Height  of  Height  of  Small 

•gest  Upright  Letters  for  Ex- 

Capitals  planatory  Notes 

or  1  inch-  50  ft.        0.6  inch       0.12  inch 

or  1  inch =200  ft.        0.5  inch       0.10 

or  1  foot»  1  mile  0.4  inch  0.06  inch 

.  the  author's  judgment  the  heights  given  above  for  capital 
rs  should  be  reduced  0. 1  inch  in  each  case.  Gothic  capitals 
inch  high  are  large  enough  for  most  maps,  and  often  0.3 

is  a  better  height. 

•equently  it  is  the  size  of  the  map  and  not  the  scale  which 
rmines  the  heights  of  letters.     Thus  another  writer  suggests 

"As  a  rule  no  letter  should  exceed  0.03  of  the  length  of 
shorter  border  of  the  drawing  on  which  it  appears."  It 
Id  seem  as  if  this  rule  places  the  limit  too  high  for  ordinary 
s,  and  that  ^  of  the  length  of  the  shorter  border  is  a  better 
immn  height  for  letters.  The  tendency  is  to  make  letters 
large — they  should  not  "stare  one  in  the  face"  upon  pick- 
ip  a  map. 

♦  Sherman's  **  Lettering,"  p.  13* 


Lis 

F,  H, 

N, 

3,  E> 

R, 

D,T. 

V. 

A>  C, 

G 
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{d)  Proportions  of  letters.  A  good  unit  used  in  pio* 
portioning  letters  is  one-sixth  the  height,  and  the  width  of  ft 
letter  may  be  expressed  in  terms  of  this  unit.  The  widths  of 
Gothic  capitals  may  be  given  as  follows:  * 

J  is  4    units  wide 

p,  and  U  are  4i  '*  " 

and  8  are  4%  "  *' 

and  Z  are  5  " 

K,  O,  q    X,  andYareSi  "  " 

6  "  " 

7i  " 

The  letter  |  is  one  unit  wide,  and  this  is  the  width  of  the 
stems  of  all  of  the  letters.  Although  the  first  step  in  proportion- 
ing a  letter  is  to  determine  its  width,  it  is  also  necessary  to 
observe  other  proportions.  These  proportions  may  ha  studied 
from  a  chart  in  which  each  letter  is  outlined  upon  a  i^urfaoe 
divided  into  unit  squares.  (See  pp.  511  to  515.)  In  ordinaiy 
work  letters  are  so  small  that  these  squares  are  not  drawHt 
proportions  being  estimated  by  eye.  Proportions  are  arbitouy 
and  may  be  varied,  but  until  the  beginner  has  acquired  a  scnae 
of  proportion,  he  should  be  guided  by  the  letters  in  Plates  I 
toVI,  pp.  511  to  515. 

(e)  Penciling  the  letters.  Use  a  hard  pencil  with  ft  i 
sharp  point.  Penciling  should  be  done  with  care,  for  if  the 
letters  are  not  well  proportioned  and  well  spaced  in  penefl 
they  are  seldom  improved  in  inking.  When  the  Gothic  letters 
are  too  large  for  single  strokes  proceed  as  follows:  (1)  Rule  top 
and  bottom  guide-lines.  (2)  Place  a  dot  |  of  height  above 
bottom  guide-line,  thus  estimating  once  for  all  the  unit  for 
proportioning  and  for  the  thickness  of  stema  (3)  Block  out 
the  letters  in  pencil,  using  limiting  verticals  or  "width-lines." 
The  distance  between  the  "width-lines"  for  any  letter  is  given 
above  in  imits  of  |  the  height;  to  estimate  this  distance  draw 
the  left-hand  width-line  and  place  a  dot  on  one  of  the  guide- 
lines 6  units  to  the  right,  as  if  the  letter  were  to  occupy  a 
square,  then  cut  off  or  add  to  this  square  the  necessary  space 
according  to  whether  the  letter  is  narrower  or  wider.     This  is 

*  Sherman's  '*  Lettering,"  p.  8. 
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ne  by  eye,  no  measurements  being  made.  It  is  better  to 
lish  one  letter  before  drawing  the  width-lines  for  the  next  in 
der  to  space  correctly.  In  drawing  any  letter  there  are  two 
ings  to  observe:  (a)  the  sequence  of  strokes  and  (6)  the 
acing  of  dots  to  secure  proper  proportions.  Thus  in  the  Hi 
ate  I,  the  first  four  strokes  are  vertical  strokes  and  the  dot 
df-way  up  is  made  before  strokes  5  and  6.  In  most  letters 
lc  strokes  on  or  near  the  width-lines  are  made  first,  followed 
J  parallel  strokes.  In  letters  like  |V|,  Ni  K>  W*  *^d  Y  ^be 
acing  of  one  or  more  guiding  dots  is  very  important. 

Remark.  The  directions  given  are  for  lettering  on  paper.  In  lettering 
1  tracing-cloth  many  devices  may  be  used  for  shortening  the  work,  sucfi 
r  example  as  a  sheet  ruled  in  squares  to  slip  under  the  cloth,  or  one  on 
^ch  inclined  lines  have  been  ruled  to  aid  in  getting  inclined  lettering 
the  proper  slope. 

(/)  A  STUDY  OP  THE  GoTHic  CAPITALS  in  detail  is  given  below.* 
he  order  of  strokes  may  be  varied  somewhat,  but  in  practicing 

is  well  to  observe  that  given  below  for  each  letter.  Consult 
le  letters  in  the  upper  row  6f  each  plate  for  proportions,  an([ 
lose  on  the  lower  row  for  methods  of  construction.  Peculiari 
es  of  some  of  the  letters  can  be  learned  easily  at  the  outset— 
»r  example:  the  horizontal  bars  of  H'  £>  F;  ^^d  B  ^^^  more 
lan  half-way  up,  while  those  of  P  and  R  are  not;  0»  Ct  6» 
ad  Q  are  slightly  higher  than  other  letters,  extending  above 
le  top  and  below  the  bottom  guide-lines;  B;  E>  K)  8»  X» 
nd  Z  are  not  so  wide  at  the  top  as  at  the  bottom;   strokes 

and  6  of  the  |V|  do  not  meet  3  and  4;  stroke  5  in  K  does  not 
iart  from  the  vertical  stem. 
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Plate  I 


•  With  the  kind  permission  of  Professor  Sherman  the  drawings  in  this 
rUcie  have  been  modeled  after  similar  figures  in  his  book  on  lettering, 
id  the  directions  for  forming  the  letters  which  accompany  the  cuts  on 
p.  512-515  are  taken  verbatim  from  pages  27  and  28  of  that  boo\s.. 
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H  After  cutting  off  1)  stems  from  a  square  to  obtain  tlM 
oircumscribing  rectangle,  the  strokes  are  as  indicated,  1  and  2 
coinciding  with  the  left  and  right  sides  of  therectang^reflpeei- 
ively.  Strokes  5  and  6  are  correctly  placed  by  first  l»8eG(iiig 
the  height  with  a  dot — the  bar  to  be  slightly  above  mid-heigfat. 

E  The  middle  bar  is  placed  by  the  use  of  a  dot  as  in  H  and 
IS  half  the  length  of  the  bottom  bar.  The  top  bar  is  }  unit 
shorter  than  the  bottom  one. 

F  Central  bar  placed  slightly  above  the  middle  as  aboTe^ 
and  is  half  the  length  of  the  top  bar. 

L  Cut  off  If  units  from  a  square  to  get  its  width.  If  the 
next  succeeding  letter  in  a  word  is  /\,  narrow  the  L  to  4  units. 

X    Bisect  stroke  3  with  a  dot  to  guide  strokes  4  and  5. 

Plate  II 


IVI  Is  somewhat  difficult  to  draw  neatly,  the  trouble  being 
to  keep  the  junction  of  the  inclined  and  vertical  stems  from 
being  too  tliick  without  making  the  middle  opening  appear  too 
large.  After  rtrokes  1, 2, 3,  and  4  place  a  bisecting  dot  on  the 
lower  guide  Above  this  1}  units,  about,  place  another  dot, 
and  strokes  5  und  6  join  this  dot  with  points  oii  the  top  guide 
about  J  of  a  space  from  3  and  4.  Strokes  7  and  8  are  paralld 
to  6  and  5  respectively,  making  the  inclined  parts  a  unit 
thick.  This  should  make  the  width  of  the  middle  portion  on 
the  lower  guide  less  than  a  unit. 

H  After  strokes  1,2,3,  and  4  place  dots  at  imit  distances 
from  1  and  2,  as  shown  at  top  and  bottom.  Stroke  5  b^^ine 
at  the  dot  on  the  top  guide  and  ends  on  stroke  3  at  a  trifle  less 
than  two  units  from  the  bottom.  Stroke  6  is  parallel  to  5  and 
must  end  on  the  lower  dot.  The  inclined  stem  must  not  be 
over  a  unit  thick* 
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K  After  strokes  1  and  2  place  a  dot  on  2  two  units  above  the 
bottom.  Place  a  dot  on  the  top  guide  half  a  unit  from  the 
right  side,  and  3  joins  this  point  with  the  dot  on  2.  On  the 
lower  guide  place  a  dot  1}  imits  from  the  right  side,  and  another 
on  3  at  1}  units  from  2  to  guide  stroke  5.  Strokes  4  and  6  are 
parallel  to  and  unit  distance  from  3  and  5  respectively. 

Z  After  strokes  1, 2, 3,  and  4  place  a  dot  on  3,  1}  units  from 
the  ri^t  side.  Stroke  5  joins  this  dot  with  the  left  end  of  4. 
Stroke  6  is  parallel  to  and  unit  distance  from  5,  but  must  end 
at  the  intersection  of  3  and  the  right  width-line;  some  shifting 
of  strokes  5  and  6  may  be  necessary  to  secure  this. 

Plate  III 


A  Find  its  rectangles,  bisect  the  top  by  a  dot  which  guides  1 
and  2.  After  drawing  3  and  4,  place  a  dot  2  units  from  the 
bottom;  strokes  5  and  6  are  equidistant  from  this  dot. 

The  vertexes  of  /\  ^^^  V  ™^y  ^^  made  slightly  less  than  one 
unit  wide,  but  should  not  be  wider  than  a  unit. 

V  Bisect  the  bottom  of  its  rectangle  by  the  dot  which  guides 
1  and  2.  Strokes  3  and  4  are  simply  parallel  to  1  and  2  and 
at  unit  distance  as  shown. 

V^  Mark  off  the  proper  rectangle  by  adding  1 J  stems  to  a 
square,  then  place  dots  on  the  lower  guide  about  2  units  from 
the  width-lines,  and  a  bisecting  dot  at  the  top.  These  dots 
guide  the  auxiliary  strokes  1,  2,  3,  and  4  which  guide  the  out- 
lines. 

X  Place  dots  on  the  upper  guide  IJ  units  from  the  width- 
lines.  Strokes  1  and  2  join  these  dots  with  the  lower  comers 
as  shown.  Strokes  3  and  4  are  parallel  to  1  and  2  respectively 
and  at  unit  distances. 
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^^t:^ 


Y  Find  the  center  of  its  rectangle  quickly  by  eye,  and  jAaee 
a  dot  half  a  unit  below;  this  guides  1  and  2  (a  unit  apart),  and 
marks  their  upper  extremities.  Strokes  3  and  4  .join  these 
upper  extremities  with  the  upper  comers  as  shown. 

D  Requires  no  special  instructions  except  to  say  that  it 
is  helpful  to  use  bisecting  dots  to  guide  the  curved  stn^es. 
Thus,  a  dot  should  be  placed  midheight  on  the  ri^t  width- 
line,  knd  stroke  3  is  then  made  symmetrical  with  this  dot. 

y  The  outside  strokes  may  be  made  first  if  desired  instead 
of  following  the  order  given. 

J     Stroke  1  should  begin  2}  units  above  the  bottom. 

Plate  V 


II 


riKm^:%.^ 


P,  B^  ^^^  R  "^6  middle  horizontals  in  these  letters  are 
guided  by  first  placing  dots  at  midheight.  In  p  the  bar  is  a 
trifle  below  the  middle,  in  B  ^  trifle  above,  while  in  H  it  may 
be  placed  in  the  middle. 

0>  C'  Q  As  in  the  Roman  forms,  the  exteriors  of  the  curved 
letters  are  better  drawn  first,  in  some  such  manner  as  ahown 
before  the  interior  strokes  are  made.    Use  width-lines  and 
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bisecting  dots,  which  help  in  making  the  exterior  strokes  83rm- 
metricaL 

Flats  VI 


-Mit 


Q     Stroke  6  is  but  {  unit  below  the  center. 

S  One  method  of  making  the  strokes  is  given;  but  methods 
of  drawing  this  letter  vary  considerably  with  different  drafts- 
men. Stroke  3  should  begin  2  units  above  the  guide.  The 
middle  portion  of  the  letter  should  be  almost  horizontal. 

All  Grothic  curved  letters,  also,  should  extend  a  trifle  above 
and  below  the  guide-lines  to  cure  optical  defects. 

(g)  Inkinq  the  letters.  The  inking,  if  free-hand,  is  done 
with  a  writing-pen.  Among  the  pens  recommended  are  Gillott's 
303  and  404,  and  Leonard's  ball-pointed  pen.  The  student 
should  try  a  number  of  different  styles  until  he  finds  one  that 
suits  him.  A  pen  will  work  better  after  it  has  been  "  broken  in" 
or  slightly  worn.  A  pen-holder  with  a  large  grip  is  the  best  for 
lettering. 

Begin  by  inking  the  pencil  outline,  taking  care  to  keep  the 
outside  edges  straight — if  the  inside  edges  are  ragged  it  does 
not  matter,  provided  the  space  between  outlines  is  to  be 
filled  in  solid.  Keep  inside  of  the  pencil  lines.  In  filling  in, 
use  long  strokes.  After  a  letter  is  dry,  corners  may  be  made 
square  and  other  imperfections  touched  up,  although  very 
little  of  this  should  be  necessary.  Wipe  the  pen  frequently, 
and  do  not  overload  it  with  ink.  Keep  a  piece  of  paper  tacked 
to  the  board  to  try  the  pen  on  and  thus  start  the  even  flow  of 
ink.  Shields  are  useful  in  erasing  portions  of  letters  (p.  448). 
Keep  the  stopper  in  the  ink-bottle  to  exclude  dust,  to  prevent 
the  ink  from  deteriorating,  and  to  save  the  drawing  in  case 
the  bottle  is  upset. 
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When  the  extra  time  required  is  warranted,  the  ontlinoi 
may  be  inked  with  ruling-pen  and  compasses.  Special  effort 
should  then  be  made  to  seoure  clean-cut  comers  and  smooth 
curves. 

(fi)  Ck>MMON  DEFECTS.  (1)  The  beginner  almost  always 
makes  Gothic  letters  too  heavy  and  clumsy.  The  lett^s  out- 
lined in  ink  seem  correct,  but  after  the  outlines  have  been  filled 
in  solid  black,  the  stems  are  too  thick.  This  is  because  the 
thickness  of  the  outlines  is  added  to  the  space  between  theoL 
Avoid  clumsy  letters  by  making  stems  slightly  narrower  in 
pencil  than  seems  necessary.  (2)  Another  common  tendency 
is  to  make  stems  which  are  curved  or  inclined  thicker  than 
those  which  are  vertical  and  horizontal^  hence  such  letters  as 
0»  U^  M'  ^^d  W  ^6  ^P^  ^  ^  ^^<^  heavy.  (3)  Great,  care 
is  necessary  to  avoid  a  too  heavy  appearance  at  acute  an^es, 
as,  for  example,  at  the  bottom  of  the  V)  ^^^  &^  ^^^  junctions 
(top  and  bottom)  of  M'  N;  a,nd  W* 

(i)  Spacing.*  Aim  to  space  the  letters  in  any  word  bo  that 
the  same  area  of  white  paper  will  show  between  letters.  Tiua 
is  the  first  and  most  important  rule,  but  it  does  not  mean  that 
letters  should  be  spaced  equal  distances  apart,  for  if  they  wefe, 
letters  like  L  and  A  which  do  not  entirely  fill  the  limiting  rect- 
angle will  often  appear  separated  from  other  letters.  Thus, 
for  example,  one  of  the  most  difficult  words  in  which  to  ep^uOd 
letters  correctly  is  LAW-  Whenever  the  letter  L  ^  adjaoeDt 
to  a  letter  like  A  ^^  W  ^^  is  necessary  to  close  up  the  space,  and 
sometimes  to  shorten  slightly  the  horizontal  stem  of  the  L* 
Likewise  when  any  letter  which  does  not  fill  its  rectangle  occurs 
in  a  word  it  may  be  necessary  to  close  up  slightly  the  space 
on  either  side.  The  closer  letters  are  together,  the  more  this 
is  necessary.  When  the  space  between  letters  is  two  or  three 
times  the  width  of  a  single  letter  the  distances  between  the 
centers  of  letters  may  be  made  equal  without  offending  thA 
eye. 

Ordinarily  the  space  between  two  words  should  be  at  least 
twice  as  great  as  the  normal  space  between  two  letters  When 
a  punctuation-mark  is  used  this  space  should  be  measured 
from  the  mark,   thus  increasing  slightly  the  space  between 


* /See  Sherman's  "Lettering,"  p.  10,  and  "Wilson's  "Free-hand  Letterins,* 
p.  28. 
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words.    The  space  should  be  still  larger  if  the  putictuatioti«> 
mark  is  a  period. 

In  lettering  tracings  it  is  often  best  to  sketch  the  outlines  on 
paper  first,  and  then,  by  shifting  the  paper  back  and  forth  un- 
derneath the  tracing,  to  correct  any  defects  in  the  spacing  of 
letters  or  words.  This  method  is  especially  useful  when  several 
lines  of  unequal  length  are  to  be  centered  with  respect  to  a  ver-' 
tical  axis  of  symmetry;  as  in  printing  titles.    (See  p.  624.) 

Remark.  Rules  for  proportioning  and  spacing  should  not  be  followed 
blindly.  They  are_  intended,  chiefly,  to  guide  the  banner  to  a  proper 
sense  of  harmony  in  lettering,  without  which  no  set  of  rules  is  of  much 
avaiL 

540.  Qeiieral  Suggestions  for  Letteritlg  Maps,     (1)  The 

general  arrangement  of  the  lettering  (Art.  634,  p.  504)  reqtdres 
that  words  be  printed  from  left  to  right  or  ^ 
from  the  bottom  up  except  when  the  general 
direction  is  that  of  the  line  AB  in  Fig.  640. 
(2)  Aim  to  make  as  much  of  the  lettering  as 
possible  parallel  to  the  bottom  border-line, 
or,  if  this  is  impracticable,  parallel  to  the 
side  border-lines.  An  exception  is  the 
lettering  along  property  lines.  (3)  In 
general,  words  should  be  in  straight  lines,  "^pia.  540 
although  there  are  many  exceptions  as,  for 
example,  the  name  of  a  curved  street  or  of  a  winding  river. 
Words  greatly  extended  like  the  names  of  towns  are  often  in 
long  sweeping  curves.  When  a  word  is  on  a  curve  the  axes  of 
the  different  letters  should  be  radial  lines  unless  the  letters 
are  of  the  inclined  type.*  (4)  When  there  are  two  lines  of 
words  and  it  is  not  desired  to  center  them,  it  is  often  better  to 
start  the  second  line  so  that  it  will  extend  beyond  the  first. 
This  applies  especially  to  descriptive  matter  in  single-stroke 
lettering  wliich  is  a  little  too  long  for  a  single  line.  (5)  Names 
or  descriptions  should  be  placed  in  such  a  position  that  there 
will  be  no  doubt  as  to  where  each  belongs,  either  between  the 
boundary-lines  of  an  object,  as  in  the  case  of  a  street  or  a  river, 
or  just  above,  as  in  the  case  of  a  narrow  stream,  or  to  just  the 
right  of  a  conventional  sign,  as  in  the  case  of  a  small  building. 
Avoid  a  crowded  appearance.  (6)  In  printing  values  of  angles 
never  omit  zeroes.    Thus  0°-08'  is  correct,  but  not  08'  or  8*. 

Ull,  -     ^  --  ,   A         ■ — -^ 

*  See  Sherman's  "LetterinK,"  p.  11,  and  Reinhardt's"  Technic  of  M.e<iH,«a!- 
ical  Drafting/'  p.  14. 
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Likewise  in  linear  measurements  0.8  ft.  or  (/.8  is  oorreeft,  but 
n)t  .8^.  (7)  There  is  danger  of  reading  angular  meaaurementi 
f  )r  linear  measurements,  or  vice  versa.  To  avoid  this  alwajs 
place  a  dash  between  degrees  and  minutes.  Thus,  for  exampla^ 
123^-41'  cannot  be  mistaken  for  129^.41  (feet).  (8)  Since  eveiy 
line  has  two  bearings,  in  printing  the  bearing  along  any  liiie 
(especially  a  property  line)  it  is  well  to  draw  a  short  arrow  paral- 
lel to  that  line  and  pointing  toward  the  end  which  is  ihe  for' 
ward  end  for  the  bearing  given.  (9)  Prominence  should  be 
given  to  lettering  according  to  the  importance  of  the  object 
described.  Prominence  may  be  gained  in  several  ways,  vii.: 
(1)  By  increasing  the  width  of  letters;  (2)  by  increasing  the 
weight;  (3)  by  increasing  the  height;  (4)  by  increasing  the 
spacing;  (5)  by  changing  the  style,  and  (6)  by  italicizing. 

541.  Contour-lines  are  usually  drawn  in  brown  ink  or 
burnt  sienna  water-color;  sometimes  red  ink  or  crimson-lake 
water-color  is  used,  and  occasionally  contours  are  repre*tented 
by  broken  lines  in  black  ink  (short  dashes  close  together).  (2) 
Lines  should  be  of  uniform  width,  just  heavy  enou^  to  be 
distinct.  They  may  be  drawn  with  a  ruling-pen  or  a  contour 
pen,  but  usually  the  best  results  are  obtained  with  a  well-worn 
steel  pen,  such  as  Gillott's  No.  303,  applied  with  little  or  no 
pressure  to  yield  a  uniform  line.  (3)  Every  fifth  or  tenth  con- 
tour, counting  from  the  datimi  plane,  should  be  a  little  heavier 
than  the  others  and  also  darker  in  color.  (4)  Each  accentuated 
contour  should  be  marked  with  its  elevation  above  or  below 
datum,  and  if  the  map  does  not  contain  at  least  two  such  con- 
tours then  every  contour-line  should  be  so  marked.  This 
contour  elevation  may  be  placed  just  above  the  line  or  in  a 
break  left  for  that  purpose.  The  elevations  should  not  be 
scattered  haphazard,  but  should  be  placed  nearly  under  each 
other,  or,  better  still,  along  a  line  normal  to  the  contours  (usually 
a  winding  line).  WTiere  the  figures  are  to  be  inserted  in  breaks, 
before  inking  draw  two  parallel  guide-lines  in  pencil,  about  J 
in.  apart  and  normal  to  the  contours;  when  inking  the  accent 
tuated  contours  stop  each  one  at  these  guide-lines  to  give  a 
uniform  appearance  to  the  breaks.  Elevations  may  be  marked 
in  the  color  used  for  the  contour-lines,  and  they  should  be 
repeated  in  different  parts  of  the  map  wherever  necessary, 
especially  where  contours  change  direction  abruptly.  Aim  to 
place  them  where  the^  will  be  of  the  greatest  help  in  ascertain- 
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ing  the  elevation  of  any  contour  on  the  map  ^thout  delay  or 
mental  confusion.  (5)  Contour-lines  should  not  be  drawn 
across  buildings,  roads,  or  streams,  and  they  should  be  turned 
slightly  up  hill  just  before  ending  at  the  edges  of  roads  or  banks 
of  streams.  (If  a  road  is  in  "fill,"  the  contour  lines  turn  down 
hill.)  (6)  Intermediate  contours,  represented  by  broken  lines, 
are  sometimes  inserted  to  show  the  outline  of  some  feature  of 
the  siu^ace  not  shown  by  contours  at  the  regular  interval,  such, 
for  example,  as  a  simimit  of  a  hill  or  the  bottom  of  a  depression. 
(7)  Common  mistakes,  such  as  drawing  contours  of  different 
elevations  across  each  other,  or  merging  contours  of  the  same 
elevation,  may  be  avoided  by  remembering  the  fundamental 
principles  on  page  338. 

Remark.  In  small-scale  topographic  maps  hills  and  mountains  are 
sometimes  shown  by  "hatching''  or  short  disconnected  lines.  See  Rein- 
hardt's  "Technic  of  Mechanical  Drafting,"  p.  37,  or  Gillespie,  Vol.  II,  p.  360, 
or  Wilson's  "Topographic  Surveying,"  p.  462. 

542.  Conventional  Signs.  On  page  520  are  shown  some 
of  the  conventional  signs  used  on  ordinary  maps,  and  on  page 
521  are  some  of  those  used  on  topographic  maps.  Most  of 
these  conventional  signs  may  be  considered  standard,  though 
some  of  them,  especially  those  pertaining  to  fences,  are  subject 
to  more  or  less  variation.*  A  common  fault  is  to  make  con- 
ventional signs  too  prominent  by  drawing  them  too  large  and 
heavy.  Ordinarily,  very  light  strokes  should  be  used  for  trees 
and  grass,  and  ruled  lines,  such  as  those  for  marshes  and  culti- 
vated land,  should  be  drawn  almost  as  fine  as  the  pen  will  work. 
Conventional  tints  are  sometimes  used  in  connection  with 
conventional  signs  (see  p.  523). 

(a)  Suggestions.  (1)  Instead  of  using  conventional  signs  for  fences  it  is 
quicker  and  often  better  to  draw  full  lines  or  broken  lines  as  preferred,  and 
tnen  to  mark  the  character  of  the  fence  along  each  line.  (2)  Small  water- 
courses, where  indicated  by  a  single  line,. should  be  drawn  toward  the 
source  so  as  to  end  there  with  as  finely  tapering  stroke  as  possible.  Aim 
to  produce  a  wavy  effect  as  shown  in  the  right-hand  side  of  Fig.  642  (6), 
avoiding  the  flat  meaningless  style  of  line  shown  in  the  left-hand  side  of 
the  same  figure.  (3)  Outline  shading  (see  page  506)  may  be  used  to  ad- 
vantage as  shown  in  the  conventional  sign  for  a  bridge,  page  520.  (4)  The 
tufts  Gi  glass  in  "meadow-land,"  page  521,  should  begm  and  end  in  short 
b'ght  strokes  of  the  pen,  the  lines  radiating  from  a  common  center  some 
distance  below. 


*  This  variation  is  evident  from  the  replies  to  letters  of  inquiry  addressed 
to   city  engineers  all  over  the  country.     For  example,   many  engineers 
employ  a  broken   line  to  represent  a  property  line  not  fenced^  «A\\w>\il"^^. 
the  majority  of  the  replies  favored  a  fine  fuU  \Use-. 
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(6)  Water-lining  when  well  done  adds  much  to  the  geaenl 
appearance  of  a  map,  but  when  poorly  done  it  is  v^y  offencdire 
to  the  eye.  The  beginner  is  inclined  to  draw  wateF4ine8  too 
hurriedly.  Thus  the  effect  in  the  left-hand  side  of  Fig.  542  (6)  is 
that  of  work  carelessly  done.  In  the  right-hand  side,  on  the 
contraryi  every  bend  and  irregularity  of  Ihe  shore-line  was 
carefully  followed.  The  shore-line  is  made  heavy,  and  the 
first  water-line  drawn  as  close  to  it  as  practicable.  The  spaces 
between  the  water-lines  gradually  widen,  and  the  little  irregu- 
larities grow  less  and  less  pronounced.  From  six  to  ten  lines 
will  usually  suffice;   those  farthest  from  shore  should  be  drawn 


Fio.  542  (b). 


very  lightly.  Prussian  blue  is  often  used  for  water-lines,  even 
on  maps  where  everything  else  is  drawn  in  black.  This  does 
not  apply  to  tracings,  for  blue  lines  practically  disappear  in 
making  process  prints. 

543.  Section-lining.  The  outline  of  a  building  on  a  map  of 
large  scale  is  frequently  emphasized  by  section-lines,  while  on 
small-scale  maps  the  outline  is  filled  in  solid  black.  Suggestions 
for  section4ining  are  given  on  page  449.  Leave  open  spaces 
for  words  and  dimensions,  so  that  they  will  not  be  obscured 
by  section-lines  drawn  over  them. 

544.  Tinting.  General  directions  for  tinting  are  given  on 
page  449.  Additional  suggestions  are:  (1)  Either  tint  before 
inking  or  use  water-proof  ink.  (Note.,  p.  504.)  (2)  The  tendency 
is  to  use  too  vivid  tints.  The  beginner  will  do  well  to  mix  hio 
tint  to  what  seems  a  desirable  shade,  and  then  to  dilute  about 
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half.  (3)  Tinting  on  ordinary  maps  is  usually  confined  to 
filling  in  outlines  of  buildings  and  other  structures.  Occasionally 
roads  and  streams  or  bodies  of  water  are  also  tinted. 


(o)  Conventional  Tints* 

BuHdxnaa.  If  of  wood,  sepia;  for  masonry,  crimson  lake.  The  outlines 
of  wooden  buildings  are  drawn  and  shaded  with  India-ink;  outlines  of 
masonry  with  a  very  strong  tint  of  crimson  lake.  To  distinguish  brick 
from  stone,  make  the  outlines  of  the  latter  heavier  or  else  use  Payne's  Gray 
for  stone  and  light  red  for  brick. 

Roads.  The  pencil  outlines  are  filled  with  a  flat  tint  of  yellow  ochre, 
the  edges  being  subsequently  drawn  in  India  ink. 

Bridof.  The  outline  in  fiUed  with  yellow  ochre,  and  the  same  distinction 
as  to  wood  and  masonry  is  observed  as  in  buildings. 

Fences  are  represented  with  India  ink  as  in  pea  drawings  (p.  520);  flone 
wiUt  by  their  outlines  filled  with  crimson  lake. 

Water.  Prussian  blue,  a  flat  tint.  If  a  lower  tone  is  desired  for  the 
map  use  indigo  instead  of  Prussian  blue.  The  surface  is  also  outlined 
with  a  strongblue. 

Remark.  There  are  a  number  of  conventional  tints  used  on  elaborate 
topographic  maps  to  represent  trees,  marshes,  cultivated  land,  sand,  rocks, 
etc.  For  these  colors  and  for  a  more  comprehensive  treatise  on  tinting  the 
student  is  referred  to  a  chapter  on  "Topographical  Drawinp;  in  Color." 
in  Lieut.  Reed's  book.  It  takes  much  practice  to  do  this  kmd  of  work, 
and  it  is  better  to  leave  a  map  untinted  than  to  produce  crude  effects  in 
^udy  colors.  The  student  can  easily  learn,  however,  to  lay  on  the  flat 
tints  given  above. 

545.  Border-lines.  (1)  Avoid  elaborate  border-lines.  A 
single  heavy  line  or  a  heavy  line  and  a  light  line  close  together 
will  suffice.  Avoid  fancy  designs  at  the  comers.  (2)  In  draw- 
ing the  border,  keep  in  mind  the  size  of  the  blue-print  frame 
and  other  requirements  (p.  504).  (3)  The  heaviest  line  for  a 
border  should  rarely  exceed  ^  inch,  and  if  there  are  two  lines 
the  space  between  may  be  about  the  width  of  the  heavier 
line.  (4)  Follow  the  directions  on  page  447  for  drawing  heavy 
lines.  For  a  width  of  ^  inch,  this  means  drawing  two  outside 
lines  and  filling  in  between  with  a  third. 

546.  Tltles.t  The  title  is  usually  printed  after  all  the  other 
lettering  on  the  map  is  finished.  The  best  place  for  it  is  in  the 
lower  right-hand  comer  unless  it  is  desired  to  fill  up  some  vacant 
space  elsewhere  (p.  505).  The  size  of  the  rectangle  within  which 
the  title  is  inscribed  should  be  xn  proportion  to  the  size  of  the 


*  From  "Topographical  Drawing  and  Sketching,"  by  Lieut.  Henry  A. 
Reed,  U.  S.  Army.     (John  Wiley  &  Sons.) 

t  See  Sherman's  "Lettering,"  p.  37,  and  Wilson's  "Free-hand  Letter- 
ing." p.  69. 
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sheet  (see  step  (4),  p.  525),  and  the  size  of  the  laigest  letten 
depends  to  some  extent  upon  the  scale  used  for  the  map  (ne 
p.  509).  The  general  arrangement  of  the  title  ahould  oonfoim 
to  the  space  available.  The  first  consideration  in  designing  a 
title  is  SIMPLICITY.  Ornate  letters,  scrolls,  and  flourishes  are  to 
be  avoided.  The  subject-matter  is  usually  arranged  in  several 
horizontal  lines,  words  which  are  closely  related  being  put  ia 
the  same  line.  The  most  important  words  in  a  title  diould 
catch  the  eye  first.  Prominence  may  be  gained  in  several  ways 
(see  p.  518).  The  lines  should  be  centered,  i.e.,  each  line  made 
to  extend  equal  distances  each  side  of  a  common  vertical  line. 
Sometimes  lines  are  arranged  in  curves,  but  this  is  to  be  avoided 
unless  necessary  to  save  space.  The  spaces  in  the  clear  between 
lines  may  vary,  although  often  they  are  made  nearly  equal.  If 
too  much  space  is  left  above  and  below  a  line  of  small  lettering 
this  line  will  appear  separated  from  the  rest  of  the  title.  Avoid 
making  two  Unes  of  the  same  length.  The  fewer  styles  of 
lettering  used  the  neater  will  be  the  title.  The  tendency  to 
use  a  different  style  of  letter  for  each  line  is  bad,  for  it  gives  the 
impression  that  the  draftsman  is  trying  to  show  what  he  can 
do.  Capital  letters  are  used  almost  exclusively,  lower-case 
letters  seldom  appearing  in  w^ll-designed  titles.  It  is  probably 
better  to  incline  all  the  letters  or  to  make  them  all  upright  than 
to  have  inclined  letters  in  one  line  and  upright  letters  in  another. 
Single-stroke  lettering  may  be  used  for  unimportant  words 
where  letters  are  comparatively  small.  Very  effective  titles 
can  be  drawn  free-hand,  and  instruments  should  be  used  only 
when  the  extra  time  required  is  warranted.  The  mere  fact  that 
instruments  were  used  in  drawing  a  title  leads  one  to  expect 
superior  results,  while  slight  imperfections  may  be  overlooked 
in  a  free-hand  title.  All  parts  of  a  title  should  be  finished  with 
equal  care— even  the  smallest  lettering  should  be  done  as 
carefully  as  the  laigest.  It  is  also  inconsistent  to  take  more 
pains  with  the  letters  in  a  title  than  with  the  other  letters  on 
the  map.    It  is  best  not  to  abbreviate  any  word  in  a  title. 

Titles  for  tracings  may  be  penciled  on  a  small  sheet  of  paper 
wUhout  attempting  to  center  the  different  lines,  and  then  by  shift- 
ing this  paper  back  and  forth  under  the  tracing-cloth  each  line 
can  be  centered  with  respect  to  a  vertical  axis  of  Gfynmietiy. 

It  takes  considerable  time  to  execute  a  good  title,  and  to 
save  time  and  expense  various  mechanical  devices  are  some- 
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times  used,  such  as  a  stamping  outfit  or  a  small  printing- 
press.* 

(a)  What  should  appear  in  a  title  of  a  map,  (1)  The  name 
or  description  of  the  tract  or  object  represented,  or  its  owner's 
name.  (2)  The  location — town  or  city,  county,  state.  (3) 
Scale.     (4)  Date  of  survey.     (5)  Name  of  surveyor. 

If  a  map  is  made  for  a  special  purpose  this  should  be  stated, 
as,  for  example,  proposed  location  of  a  hiqswat,  or  pi^an 

OF  BUILDINO-LOT8,  CtC. 

(6)  Method  of  procedure  in  comtructing  a  title.  (1)  Write  out  the  title, 
separating  the  suDJect-matter  into  lines;  it  is  well  to  give  such  connectives 
as  "OF  THc"  and  *'in  the"  separate  lines. 

(2)  Number  the  lines  in  the  order  of  their  importance.  Usually  the 
name  or  description  of  the  tract  which  the  map  r^resents  is  (he  most 
prominent.     The  connectives  should  be  the  least  prominent. 

(3)  Choose  the  style  of  letters.  Heavy  Gothio  capitals  am  recom- 
mended for  the  most  prominent  words,  and  single-stroke  capitals  of  the 
same  style  for  the  least  prominent;  the  difference  in  prominence  of  words 
between  these  two  extremes  may  be  effected  by  varying  the  heights  of 
letters  or  in  other  ways  (p.  518). 

(4)  Decide  upon  the  place  of  the  title  and  upon  the  approximate  size 
of  the  limiting  rectangle  within  which  it  should  be  drawn.  The  maximum 
dimensions  for  this  rectangle  suggested  by  Professor  Bherman  are:  Length  —  | 
length  of  longest  border-lines  of  the  map;  height  =-i  length  of  shortest 
boraer-lines.  Frequently  the  limiting  rectangle  should  be  made  smaller 
than  these  proportions  allow.  The  tendency  is  to  make  titles  too  large 
and  oonsricuous. 

(5)  Decide  upon  the  height  of  the  largest  letters  (p.  609)  and  draw 
top  and  bottom  guide-lines  for  the  most  prominent  line  of  lettering.  Draw 
also  a  yerticai  line  to  serve  as  an  axis  of  symmetry. 

(6)  Block  out  roughly  the  letters  for  the  most  prominent  line.  If  the 
position  of  the  limiting  rectangle  for  the  title  is  not  definitely  fixed  th^ 
vertical  axis  of  S3anmetry  may  be  drawn  through  the  middle  point  of  this 
line  aft^r  the  letters  are  completed.  When,  however,  the  position  of  the 
axis  of  symmetry  is  fixed  any  line  of  lettering  may  be  centered  as  follows: 
Write  out  the  line  on  another  piece  of  paper,  and  place  over  each  letter  th*» 
number  of  units  to  allow  for  its  width  (p.  510).  Estimate  roughly  the 
number  of  units  to  allow  for  spaces  between  letters  and  between  words, 
keeping  in  mind  that  letters  are  not  placed  equal  distances  apart  (p.  516) 
From  half  the  sum  of  all  the  units  find  which  letter  is  nearest  the  middl«» 
point.  Beginning  with  this  letter  at  the  proper  distance  from  the  axis  of 
symmetry  block  out  the  letters  in  the  last  half  of  the  line.  This  ij^ives  the 
mstance  from  the  axis  of  svmmetry  to  the  end  of  the  line;  begin  at  an 
equal  distance  to  the  left  of  the  axis  and  block  out  the  letters  in  the  first 
half  of  the  line.  If  the  letters  are  not  properly  spaced  in  this  first  trial 
usually  only  a  few  letters  near  the  center  need  to  be  changed, — the  chief 
advantage  m  lettering  one-half  the  row  at  a  time. 

If  the  title  is  to  be  drawn  on  tracing-cloth  the  different  lines  can  be 
centered  by  shifting  the  paper  as  explained  above.  Conversely  some* 
times  a  title  can  be  drawn  on  a  small  piece  of  tracing-paper  without  attempt' 
ing  to  center  the  linee,  and  then  transferred  to  the  paper  on  which  the  map 
is  drawn  (p.  500),  each  line  being  centered  by  shifting  the  tracing-paper. 

(7)  Having  penciled  the  most  prominent  line,  block  out  the  other  lines 
in  the  same  way.  Before  inking  examine  the  title  as  a  whole  to  see  if 
it  is  well  balanced.  If  the  inking  is  done  free<hand  follow  the  directions 
on  page  515. 


*  See  Engineering  Newt,  Nov.  3,  1904,  p.  405. 
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547.  Meridian  Needles.    Simple  arrows  like  those  in  Fig. 

547  are   best.     Avoid  elaborate   needles  and  oompass-points. 

As  with  border-lines  and  titles,  sim- 
plicity should  be  the  first  aim.  The 
true  north  is  usually  represented  by 
a  full  arrow-head  and  the  magnetic 
north  by  a  half  arrow-head.  The 
direction  of  one  of  these  arrows  is 
found  either  from  the  meridian  used 
in  plotting  the  map  or  from  some  line 
of  knowni  bearing.  If  magnetic  bear- 
ings were  used,  plot  the  axis  of  the 
magnetic  needle  and  then  lay  off  the 
declination  to  find  the  axis  of  the 
other  needle,  and  contrariwise  if  true 
bearings  were  used,  find  the  axis  of 
the  true  needle  first.  On  many  mi^s 
nothing  is  gained  by  showing  the 
magnetic  meridian  (see  remaric  p.  502), 
but  if  it  is  shown  at  all,  the  magnetic 
declination  should  be  given  in  figures 
marked  along  the  arrow  or  between 
the  two  arrows  as  in  Fig.  547.  The 
needle  should  be  of  such  length  that 
its  direction  can  be  transferred 
accurately  to  other  parts  of  the  map 
—usually  about  4  or  5  in.  long. 
The  arrow-head  and  the  feather-end 
should  both  be  drawn  with  care,  slim 

and  graceful — the  tendency  is  to  make  them  too  clumsy.     The 

needle  may  be  placed  near  the  title  or  in  a  vacant  space  near 

the  top  of  the  map. 

548.  Scales.  The  scale  of  a  map  is  usually  given  in  figuics 
as,  for  example,  "Scale:  1  inch =40  feet"  or  "Scale:  nriinF" 
Frequently  in  addition  a  small  portion  of  a  scale  is  drawn  as 
illustrated  in  Fig.  548.  This  is  most  necessary  for  maps  that 
are  to  be  reproduced  by  photo-reproduction  or  by  other  pro- 
cesses which  change  the  scale,  otherwise  it  would  be  difi&cult 
to  scale  the  reproduction.  Such  a  scale  also  indicates  the 
shrinkage  or  expansion  in  maps  and  blue-prints,  but  if  designed 
for  this  purpose  i^  a^jOTild  be  long  enough  to  show  the  chanjEe — 
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say  6  inches.     Distances  scaled  from  tracings  and  blue-prints 
are  most  unreliable  no  matter  what  method  is  used. 

Scale;  1  Inch=40  Feet  . 

I I I I I I I I \ I 

20  40  eo  80  100 


Scale;  1  Inch-200  Feet 


I — r 


50      100  200  300  400  500 


Scaler-^^OOOO 

I        — I         I  I 

100   500    0         1000       2000        3000 

FiQ.  548 

549.  Keys  or  Legends.  Where  conventional  signs  are  used 
it  is  customaiy  to  draw  a  key  near  the  title  explaining  the  signs. 
This  is  especially  necessary  when  the  signs  are  not  those  com- 
monly employed. 

550.  Explanatory  Notes.  Maps,  like  field  notes,  should 
be  self -explaining.  Anything  not  clear  from  the  drawing  or 
the  dimensions  should  be  made  so  by  explanatory  notes.  The 
general  directions  in  Art.  37,  page  23,  hold  good.  Notes  giving 
general  information  concerning  the  map,  such,  for  example,  as 
the  datum  used  in  a  topographic  survey,  may  be  placed  near  the 
title.  Occasionally  notes  should  indicate  the  extent  to  which 
measurements  may  be  depended  upon  by  giving  the  instruments 
used  in  the  survey,  the  limits  of  error  adopted,  and  similar  in- 
formation bearing  on  the  accuracy  of  the  work. 

551.  Cleaning  Maps.  Use  a  soft  eraser  for  removing  pencil 
lines,  and  a  sponge  eraser  or  bread-crumbs  for  taking  off  dirt. 
For  tracings  use  gasoline  or  benzine.     (See  p.  452.) 

552.  Surveyor's  Certificate.  In  filing  maps  for  record  the 
surveyor  may  be  required  to  furnish  a  certificate,  the  exact  form 
of  which  will  of  course  vary.     One  form  is  as  follows: 

(City  or  Town,'  State,*  Date) 

I  hereby  certify  that  the  plot  hereon  delineated  is  a  correct  one  and  that 

permanent   monuments,   consisting  of    ,  have 

(Description  of  the  monuments) 
been  set  at  points  marked  monument  as  thereon  shown  at  ail  angles  in 
the  boundaries  of  the  land  plotted,  and  at  all  intersections  of  streets  and 

alleys. 

,  Surveyor. 

(Signature) 
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Another  form  sometimes  furnished  a  client  but  not  intended 
for  public  record  is  as  follows: 

(City  or  Town,  State.  Date) 

This  is  to  certify  that  f  have  this  date  made  a  sorvey  of , 

(Description  of  tract  surveyed) 
and  have  plotted  the  lines  theieof  on  the  accompanying  map,  which  to  the 
best  of  my  knowledTe  and  belief  is  correct. 

Sunreyor. 

(Signature) 

55,3.  Filing  Systems.  Although  it  is  not  within  the  province 
of  this  book  to  explain  the  various  systems  of  filing  and  indexing 
drawings  and  note-books,  no  discussion  of  office  work  would 
be  complete  without  reference  to  this  important  subject.  To 
one  who  desires  to  look  up  some  of  the  systems  which  have 
stood  the  test  of  every-day  use  the  following  references  may 
prove  of  value: 

"  Eng^ineering  Work  in  Towns  and  Small  Cities,"  by  Ernest  MtiCoIIoiii^ 
(Technical  Book  Agency,  Chicago),  contains  two  v«ry  ooiim»leta  rihiptini 
on  "OflSce  Systems'   and  " City  Engineers'  Records." 

Proceedings  of  the  Connecticut  Society  of  Civil  Engineera  for  1901,  A 
description  of  the  excellent  system  used  in  the  city  engineiN^s  oiGm  of 
Hartford.  Connecticut. 

Enqineerinn  News,  Sept.  5,  1901.  Jan.  2.  1002,  and  April  23,  1908, 
articles  oa  different  systems  in  use  by  railroad  and  city  engmeen. 
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In  this  chapter  are  given  the  few  directions  and  euggettioni 
Cor  plotting  and  finishing  profiles. 


554.  Profile,  (a)  Suppose  that  in  Fig.  554  (a)  A,B,C,  and 
D,  representing  four  points  in  a  straight  line  on  the  groundi 
were  plotted  to  a  given  horizontal  scale.  Let  the  points  a,  b,  c, 
and  d  be  obtained  by  laying  off  A'a,  B^b,  C'Cj  and  I/d  equal, 
respectively,  to  the  elevations  of  A,  B,  C,  and  D  above  a  given 
datum.  If  the  vertical  scale  used  in  laying  off  these  elevations 
is  the  same  as  the  horizontal  scale  used  in  plotting  A,  B,  C,  and 
D  the  line  abed  is  a  tru^  profile,  bounding  a  true  vertical  section 
through  the  given  line,  and  showing  the  rise  and  fall  of  the  ground. 

(b)  As  the  rise  and  fall  of  the  ground  between  two  points  is 
usually  very  small  in  proportion  to  the  distance  between  those 
points,  it  is  customary  in  plotting  profiles  to  use  a  much  greater 
scale  for  laying  off  elevations  than  for  plotting  horizontal 
distances,  in  order  to  make  the  irregularities  of  the  surface  more 
apparent  to  the  eye,  and  to  render  subsequent  use  of  the  profile 
easier  and  more  accurate. 


Fia.  554  (a) 


p7  Q.  H' 

Fia.  654  (&) 


Suppose  that  in  Fig.  554  (a)  the  vertical  scale  is  ten  times  as 
large  as  the  horizontal.     The  line  abed  is  still  called  a  profile, 

62Q 
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though  it  is  no  longer  a  trtie  profile,  and  the  sectioQ  which  H 

bounds  is  no  longer  a  true  section. 

(c)  Frequently  in  practice  the  line  leveled  over  is  not  straig^ 

but  consists  of  a  series  of  connected  straight  lines,  as,  for  examplSi 

a  traverse  line.     In  Fig.  554  (6)  EFGH  is  the  plan  of  a  traversB 

line,  and  efgh  is  the  corresponding  profile  in  which  the  vertieil 

scale  is  larger  than  the  horizontal.     The  distances  E'F',  F'C, 

and  G'H'  are  equal  respectively  to  EF,  FG,  and  GH,  but  F'ff 

and  H'  cannot  be  obtained  by  projecting  from  F,  G,  and  H 

respectively.     In  Fig.*654  (a),  on  the  contrary,  A',  B',  C,  andl/ 

were  projected  from  A,  B,  C,  and  D  respectively.     Hence  in 

Fig.  554  (a)  abed  represents  a  profile  cut  by  one  vertical  plaM, 

while  in  Fig.  554  (6)  efgh  represents  a  profile  cut  by  a  aeries  of 

vertical  planes,  each  of  which  passes  through  two  stations  at 

consecutive  bends  of  the  traverse  line. 

((f)  Remark.  A  profile  is  apt  to  be  very  misleading  to  peiWMUi  an* 
accustomed  to  the  methods  of  plotting.  Unlike  a  map  a  profile  addaa 
represents  points.-  projected  on  the  same  plane.  Morfeover,  iidicii  tht 
vertical  scale  is  much  greater  than  the  horizontal  scale,  slopes  arejppefttly 
exaggerated,  and-  the  surface  of  the  ground  appears  to  be  much  man 
irregular  than  it  really  is.  Likewise  all  objects  such  as  manholes,  oolvefti^ 
rivers,  roads,  etc.,  which  the  profile  crosses  are  shown  distorted.  ,-It  it  ft 
common  experience  among  engineers  to  receive  protests  against  a  pfopoMd 
grade  because  on  the  profile  it  appears  to  be  too  steep. 

555.   Profile-papers.    Occasionally  a  profile  is  plotted  on 

the  same  sheet  with  the  map,  but  more  often  special  paper  is 
used  upon  wliich  horizontal  and  vertical  lines  have  been  printed 
so  that  points  may  be  plotted  without  the  use  of  a  scale.  Thrae 
are  three  standard  styles  of  profile-papers,  distinguished  by  th« 
letters  A,  B,  and  C  according  to  the  number  of  lines  or  bpaoei 
to  the  inch.  Vertical  lines  on  A  profile-paper  are  J .  in;  aiptai, 
and  horizontal  lines  arc  -Jj^  in.  apart,  or  4  by  20  spaces  to  tlw 
inch.  B  profile-paper  has  4  by  30  and  C  paper  5  by  25  spaces 
to  the  inch.  These  rulings  are  also  furnished  on  tracing-paper 
and  tracing-cloth.  Cross-section  paper  10  by  10  to  the  inJi 
is  sometimes  use^l  for  plotting  profiles. 

Every  tenth  vertical  line  and  every  fifth  horizontal  line  on 
profile-papers  are  usually  accentuated  for  convenience  in  read- 
ing. The  rulings  are  not  always  exactly  correct,  but  usually 
the  errors  are  so  small  that  they  may  be  ignored  in  plotting 
ordinary  profiles,  especially  as  the  relative  elevations  are  read 
directly  from  the  paper  and  not  by  scaling  the  drawing. 

556.  Scale.  When  a  profile  is  to  be  used  in  connection  with 
A  XD&p  it  is  often  desirable  to  have  the  horizontal  scale  the  same 
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that  used  for  the  map;  sometimes,  however,  a  larger  scale 
is  required.  The  vertical  scale  is  usually  exaggerated  to  at 
least  five  times  the  horizontal  scale  and  often  more,  depending 
upon  how  close  it  is  desired  to  read  elevations.  For  city  work 
Buch  as  laying  out  street  grades  or  showing  sewers  common 
scales  are  40  or  50  ft.  to  the  inch  (horizontal)  and  6  or  10  ft. 
to  the  inch  (vertical).  When  it  is  desired  to  show  a  longer 
distance  on  a  sheet  of  given  length  the  horizontal  scale  may  be 
reduced  to  1  in.»80  or  100  ft.,  and  the  vertical  scale  kept  the 
same  (1  in.  =  6  or  10  ft.).  Common  scales  for  railroad  profiles 
are  1  in.=*400  ft.  (horizontal)  and  1  in.  =  30  ft.  (vertical).  The 
following  are  some  of  the  most  convenient  combinations  of 
papers  and  scales. 


Smallest  Space 
between  V 

Smallest  Space 
between  H 

Hor.  Scale 

Vert.  Scale 

Paper 

■ 

Lines 

Lines 

1  in.-  40ft. 

lin.-  6ft. 

B 

10  ft.  distance 

0.2  ft.  elev. 

1  in.-   60  ft. 

1  in.  - 10  ft. 

C 

10  ft. 

0.4  ft.    •• 

1  in. -100  ft. 

1  in. -10  ft. 

A 

25  ft. 

0.5  ft.    •• 

1  in. -100  ft. 

1  in.  -   6  ft. 

B 

25  ft. 

0.2  ft.    •• 

1  in. -400  ft. 

1  in. -30  ft. 

B 

100  ft. 

1.0  ft.    •• 

There  are,  of  course,  a  number  of  other  combinations.  It 
is  desirable  to  so  choose  the  paper  and  scale  that  the  smallest 
space  between  vertical  lines  will  represent  some  multiple  of  5  ft., 
while  the  smallest  space  between  horizontal  lines  will  represent 
some  multiple  or  decimal  part  of  one  foot.  It  is  also  an  advan- 
tage to  have  each  accentuated  line  stand  for  a  multiple  of  5  or 
10.  Thus  in  combination  (e)  above  the  smallest  space  between 
vertical  lines  equals  a  100-ft.  station,  and  every  tenth  station 
falls  on  an  accentuated  vertical  hue,  while  the  smallest  space 
between  horizontal  lines  represents  1  ft.  in  elevation,  and  every 
fifth  foot  falls  on  an  accentuated  horizontal  line. 

557. Working  Up  Notes.  When  the  level  notes  are  brought 
in  from  the  field  the  elevations  are  not  usually  worked  out.  In 
working  out  elevations  the  computations  should  be  checked 
for  the  elevations  on  each  page  as  the  work  progresses  by  the 
method  explained  on  page  242.  This  is  not  a  check,  however, 
)n  the  elevations  of  intermediate  stations,  and  in  some  cases  it 
may  be  well  to  work  the  notes  up  by  the  method  of  303  (e), 
page  241  (Form  D).  The  arrangement  in  Form  F,  page  256. 
is  very  convenient  in  plotting  profiles,  since  the  only  two  columns 
needed  (El.  and  Sta.)  are  side  by  side 
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558.  Plotting  Profiles— General  Method  of  Prooedmi 

(1)  Choose  the  combination  of  paper  and  scale  beat  Buitad  to 
the  purpose  (p.  531),  and  pin  the  paper  to  the  board;  itii 
slightly  more  convenient  in  finishing  the  profile  to  have  tht 
horizontal  lines  true  with  the  T  square,  though  this  ia  not  d 
much  advantage  in  plotting.     (2)  Glance  through  the  lefd 
notes  to  ascertain  the  elevations  of  the  highest  and  kuweit 
points.     (3)  Select  one  of  the  accentuated  horixontal  lines  for 
a  base-line  or  datum  line.      Its  position  should  be  suoh  thai 
the  highest  ani  lowest  points  of  the  profile  will  faD  on  the  p4pv« 
If  there  are  no  points  below  this  line  it  should  still  be  takn 
three  or  four  inches  from  the  lower  edge  of  the  paper  to  allow 
room  for  lettering.     It  may  be  necessary  to  assume  the  devo- 
tion of  this  base-line  as  some  whole  number  of  feet  above  or 
below  datum  in  order  to  get  the  profile  on  the  paper.    For 
example,  if  the  highest  elevation  is,  say,  128  ft.  and  the  lowest 
is  above  100  ft.,  the  elevation  of  the  base-line  may  be  aaBumfld 
as  100  ft.     (4)  The  profile  should  begin  near  the  left-hand  edge 
of  the  paper  and  extend  towards  the  right.     If  100-ft.  stations 
are  used,  assume  Sta.  0  on  one  of  the  accentuated  vertical  lines, 
or,  if  the  profile  begins  at  some  station  remote  from  zero,  assume 
instead  a  station  whose  number  is  some  multiple  of  10.     For 
example,  if  the  profile  begins  at  48  +  21  assiune  Sta.  50  on  an 
accentuated  vertical  line  near  the  left-hand  edge.     SimHaily 
for  other  horizontal  scales  aim  to  have  the  accentuated  vertical 
lines  stand  for  some  multiple  of  ten.     (5)  Along  the  lower  edge 
of  the  paper  number  the  accentuated  vertical  lines  to  oorrespond 
to  distances,  and  along  the  left-hand  edge  number  the  accentuated 
horizontal  lines  to  correspond  to  elevations.     (6)  Plot  each  point 
on  the  profile  by  finding,  first,  its  position  with  respect  to  the 
nearest  vertical  line,  and  then  running  up  this  line  until  the 
horizontal  line  is  reached  which  corresponds  to  its  elevation.    It 
is  well  to  connect  the  points  as  fast  as  they  are  foimd  by  straight 
lines  drawn  lightly  in  pencil,  free-hand.     (7)  Check  points  by 
reading  their  elevations  directly  from  the  profile  to  see  if  they 
agree  with  those  in  the  level  notes.     Do  not  check  a  point  by 
reading  from  the  level  notes  first  and  then  looking  at  the  pro- 
file, for  if  a  mistake  was  made  in  plotting,  the  mind  is  liable  to 
repeat  it. 

(a)  Suggestiona,    Two  men  can  work  to  advantage — one  reads  the  notoi 
while  the  other  does  the  plotting.    In  checking  they  change  pl*oee,  tha : 
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niio  did  the  reading  calls  off  elevations  directly  from  the  profile,  while  the 
man  who  did  the  plotting  sees  if  they  agree  with  the  notes.  (2)  Use  a 
fine    pencil-point    or    needle-point    for    marking    points.      (3)  When    the 

Srofile  is  about  to  nm  off  the  top  or  bottom  of  the  paper  it  may  be  stopped 
;>referably  at  some  accentuated  vertical  line),  and  then  continued  by 
beginning  some  whole  number  of  feet  below  or  above  the  point  where  it 
was  broken  off.  The  amount  that  the  line  is  thus  lowered  or  raised  should 
be  some  multiple  of  the  interval  between  two  accentuated  horizontal 
.lines,  and  the  horizontal  liqes  from  tne  break  on  should  be  renumbered 
accordingly.  (4)  Turning-points,  of  course,  are  not  plotted  unless  they 
are  points  of  the  profile.  Benches  are  not  plotted,  though  they  are  often 
described  by  notes  near  the  points  on  the  profile  where  they  would  be 
found.  (5)  To  avoid  the  common  mistake  of  plotting  the  elevations  of 
turning-points  and  benches,  go  through  the  notes,  crossing  off  elevations 
which  should  not  be  plotted.  (6)  Another  common  mistake  is  to  plot  a 
plus  station  on  a  vertical  line  as  if  it  were  a  regular  station  instead  of 
plotting  it  between  vertical  lines  by  estimating  tne  distance.  (7)  AVhen 
very  accurate  profiles  are  required  a  base-line  may  be  laid  out  on  drawing- 
paper  of  good  quality,  and  the  distances  and  elevations  plotted  by  scale. 
(8)  When  several  copies  of  a  profile  are  required  it  may  be  plotted  on 

Erofile  tracing-paper  or  tracing-cloth  and  process  prints  made,  or  it  may 
e  transferred  by  pricking  through,  or  b.v  carbon  paper,  or  by  some  similar 
method. 

559.  Profiles  of  Several  Related  L4nes.  Several  related  lines 
are  often  plotted  on  the  same  sheet,  one  above  the  other.  Thus, 
for  example,  the  profile  of  the  center  line  of  a  street  may  be 
plotted  about  half-way  between  the  top  and  bottom  edges  of  the 
paper,  the  profiles  of  the  right  and  left  gutter-lines  being  plotted 
near  the  bottom  alid  top  respectively.  In  this  case  a  different 
base-line  is  used  for  each  profile.  Another  method  is  to  plot 
the  three  profiles  from  a  common  base,  distinguishing  the  lines 
by  different  colors,  aa,  for  example,  black  for  the  center-line, 
red  for  the  right  gutter-line,  and  blue,  for  the  left  gutter-line. 

560.  Laying  Out  Grades.  Proposed  grades  may  be  laid 
out  on  a  profile  by  deciding  upon  points  through  which,  the 
line  must  pass,  and  joining  successive  points  by  straight  lines. 
Frequently  the  vertical  angles  between  these  lines  must  be 
eliminated  by  vertical  curves  which  may  be  determined  by  one 
of  the  methods  on  pages  289  to  292  and  then  plotted  on  the 
profile. 

56 1 .  Plotting  a  Profile  from  Contours.  For  any  line  drawn 
across  a  contour  map  a  profile  may  be  plotted,  since  at  each 
intersection  of  a  contour  by  the  given  line  an  elevation  is  known, 
and  the  distances  between  these  points  of  intersection  may  be 
scaled  from  the  map,  or,  if  the  given  line  is  straight,  they  may  be 
projected  from  the  map  to  the  profile  as  illustrated  in  Fig.  398, 
page  338.  Thus,  for  example,  a  road  may  be  laid  out  on  a 
topographic  map  and  a  close  approximation  to  its  profile  may 
be  obtained  no  matter  how  crooked  or  winding  the  ro«A\ja»?3  Vk^» 
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562.  Finishing  Profiles.  Many  of  the  directions  and  sug- 
gestions for  finishing  maps  (Chapter  XLII)  also  apply  to  finick- 
ing profiles,  especially  those  that  pertain  to  inking,  lettering, 
notes,  and  titles.  Additional  suggestions  are:  (1)  Draw  lines 
representing  existing  surfaces  in  black  ink,  and  proposed  changes 
in  red  ink  or  broken  lines.  (2)  When  the  surface  represented 
is  smooth  the  profile  may  be  ruled  with  a  ruling-pen,  otherwise 
it  should  be  drawn  free-hand.  Thus,  ordinarily,  the  proposed 
changes  are  shown  by  red  lines  carefully  ruled,  while  the  irregu- 
larities of  the  existing  surface  are  represented  by  a  slightly 
wavering  black  line. 

This  irregular  line  though  drawn  free-hand  should  be  of  even 
width.  When,  however,  the  vertical  scale  is  very  small  the 
little  irregularities  between  any  two  plotted  points  on  the  profile 
may  disappear,  in  which  case  the  profile  will  consist  of  a  series 
of  straight  lines  each  of  which  is  ruled;  to  draw  them  free-hand 
might  lead  to  inaccuracy  in  the  use  of  the  profile,  since  the 
surface  of  the  ground  would  be  lepresented  as  more  irregular 
than  it  really  is.  (3)  In  inking  a  pencil  profile  composed  of 
a  series  of  straight  lines  the  sharp  angles  may  be  smoothed  out 
a  little  imless,  as  in  the  case  of  a  sudden  and  steep  incline,  such 
angles  exist  on  the  ground.  It  is  not  worth  while  to  do  this, 
however,  if  the  vertical  scale  is  greatly  exaggerated.  (4)  Draw 
the  base-line  in  red  ink.  At  every  point  of  the  grade-line  where 
the  gradient  changes  draw  a  dotted  or  broken  vertical  line  to 
the  base-line,  and  mark  along  this  line  the  grade  elevation  of  the 
point  and  the  "plus"  if  the  point  is  not  a  full  station,  thus: 
Sta.  Jfi  4-  ^5  Elev.  =  114-23.  When  the  elevations  are  those 
of  the  existing  surface  the  figures  and  the  broken  lines  should 
both  be  in  black  ink,  but  when  they  indicate  points  on  a  pro- 
posed surface  both  should  be  in  red.  Among  the  points  where 
the  station  number  and  grade  elevation  should  be  marked  in 
this  manner  are:  At  the  beginning  and  end  of  the  profile;  at 
each  side  of  an  intersecting  street;  at  each  end  of  a  bridge;  at 
the  P.C.  and  P.T.  of  a  horizontal  curve;  at  the  P.C.,  the  P.T., 
and  the  highest  or  lowest  point  of  a  vertical  curve,  and,  if  the 
curve  is  to  be  staked  out  from  the  profile,  at  intermediate  points 
where  the  elevations  have  been  calculated  or  scaled.  (5)  At  each 
full  station  and  at  such  points  as  those  just  mentioned  marie 
the  cut  or  fill  along  a  vertical  line,  if  possible  in  the  space  between 
the  black  line  representing  the  orginal  surface  and  the  red  line 
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representing  tne  proposed  grade;  or  if  this  apace  is  too  email 
draw  an  arrow  to  one  side  and  put  the  figures  near  by,  tiius: 
C.  1.4  or  F.  e.e.  (6)  The  rate  of  grade  may  be  printed  along 
the  line  which  represents  the  corresponding  surface,  or  it  may 
be  put  aome  distance  below  on  a  horizontal  line  drawn  between 
vertical  lines  to  the  two  points  where  the  grade  begina  and 
ends.  In  the  latter  case  the  horizontal  line  should  be  shown 
like  a  dimension-line  witli  an  arrow-head  at  eacb  end.  (7) 
Sometimes,  in  order  to  make  a  profile  stand  out  more  promi- 
nently, a  light  flat  tint  is  laid  on,  extending  half  an  inch  or  so 
below  the  line  which  represents  the  original  surface,  or,  in  the 
case  of  a  tracing,  colored  crayon  is  rubbed  on  the  back  of  the 
cloth  instead.  Sometimes  pencil  is  rubbed  on  a  proposed  profile 
and  erased  as  fast  as  the  construct 'on  's  completed  thus  showing 
the  progress  of  the  work  Occas  onally  t  s  des  red  to  show 
different  materials  as  for  example  the  different  strata  deter 
mmed  by  bonngs  Some  of  the  con^entonal  sgns  are  shown 
n  Fig  56'>  • 


563.  Lettering  the  Profile.  Namesof  streets,  streams,  etc., 
and  descriptions  of  benches,  bridges,  culverts,  etc.,  should  be 
printed   along  vertical  line)   directly  above   the   corresponding 
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points  on  the  profile.  Words  should  read  from  the  bottom  up, 
and  all  notes  should  be  at  least  one  inch  above  the  profile  line 
except  the  rate  of  grade,  which  may  be  printed  along  that  line. 

Remark,  On  long  profiles,  sach  as  those  used  in  railway  work,  some 
engineers  prefer  to  nave  the  vertical  lines  of  lettering  read  from  uie  top 
downward  so  that,  in  consulting  a  partly  unrolled  profile,  the  sero  or  l^t- 
hand  end  may  be  held  toward  the  body  as  if  the  eye  were  looking  alonf 
the  general  line  represented  by  the  profile. 

Notes  should  be  definite  but  brief,  as,  for  example,  "B.M.  36. 
Elev  =  126.192.  Tack  in  root  of  Oak  30  ft.  to  left  of  Sta.  36." 
The  elevations  of  the  accentuated  horizontal  lines,  and  the 
station  numbers  of  the  accentuated  vertical  lines,  should  be  in 
heavy  black  figures  on  the  left-hand  and  lower  margins  respect- 
ively. The  title  should  give  the  information  specified  in  Art. 
546  (a).  The  datum  should  always  be  given  near  the  title. 
Practically  all  the  directions  for  constructing  a  title  for  a  map 
(pp.  523  to  ^25)  hold  good  for  profiles. 


Part  III 


SURVEYING  INSTRUMENTS* 


INTRODUCTORY 


564.  Ttie  Study  of  Instruments.  When  the  student  is 
first  learning  to  use  an  instrument  it  is  not  necessary  that  he 
should  study  it  in  detail;  on  the  contrary,  it  is  better  for  him 
to  confine  his  attention  to  the  few  parts  which  he  has  to  manipu- 
late. These  parts  are  visible  and  need  no  description.  When, 
however,  he  has  become  somewhat  accustomed  to  the  use  of 
an  instnunent,  he  should  begin  a  careful  study  of  the  different 
parts,  some  of  which  are  not  visible  after  the  instrument  has 
been  put  together.  Parts  thus  concealed  are  shown  in  the 
following  pages  by  drawings  or  photographs.  Thus  in  the 
photograph  on  page  551  a  telescope  is  shown  taken  apart, 
and  on  page  565  a  transit  is  shown  in  a  similar  manner. 
The  student  should  not  be  content,  however,  with  merely  observ- 
ing the  construction  of  the  different  parts.  He  shoula  inves- 
tigate the  properties  of  lenses,  of  magnetic  needles,  of  level- 
bubbles,  the  theory  of  the  telescope,  the  defects  of  construction, 
and  similar  subjects.  In  this  way  he  will  become  familiar  with 
important  facts  and  fundamental  principles  which  are  not  evi- 
nont  from  inspection.  A  careful  study  of  this  portion  of  the 
subject  (Chapters  XLIV  and  XLV),  should  precede  the  study 
of  the  adjustments'  of  instruments  (Chapter  XLVI). 


♦  For  a  mora  comprehensive  treatise  on  surveying  instruments  the  stu- 
dent is  referred  to  Professor  I.  O.  Baker's  excellent  book  entitled  *^Bnr 
ffireen*  Surveying  Instruments"  (John  Wiley  &  Sons). 


CHAPTER  XLIV 


PRIMARY  PARTS  OF  SURVEYING  INSTRUMFNTS 

There  are  certain  primary  i>arts,  such  as  the  vernier,  t  ^e  xnaKnetic  needk 
the  level-bubble,  and  the  telescope,  which  are  more  or  less  conunon  to  il 
surveying  instruments.  These  parts  are  discussed  in  this  chapter  prepam- 
tory  to  a  study  of  the  instruments  themselves  in  the  next  chapto*.  !■ 
some  cases  the  discussion  is  little  more  than  a  review  of  certain  fundamenw 
principles  of  physics. 


565.  The  Vernier,  invented  in  1631  by  Pierre  Vernier,  Ibk 
device  for  measuring  the  fractional  part  of  one  of  the  smaHert 
divisions  of  a  graduated  scale.  It  usually  consists  of  a  small 
sliding  scale  running  parallel  to  and  in  contact  with  a  fixed 
scale  or  a  graduated  arc.    The  divisions  of  the  vernier  instead 

of  being  equal  to  the  divisioDfl 

/       ■?  A  "* '        <    on  the  graduated  scale  or  arc, 

(  \  t  J  J  .1  .1  .i.l.i.  1.  uJ   I   I  ^    are  either  just  a  little  snaaller 

or  a  h'ttle  larger.  The  amount 
by  which  the  smallest  divifdon 
on  the  vernier  differs  from  the 
smallest  division  on  the  gradu- 
ated scale  or  arc  determines 
the  smallest  reading  or  lead 
count  of  the  vernier. 
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Fio.  565  (a). 


(a)  Jlluatratum.  Fig.  565  (a)8hoirf 
at  A  a  portion  of  a  scale  divided 
into  inches  and  tenths  of  an  inch, 
with  a  vernier  attached.  The  same 
scale  is  shown  at  B,  C,  and  D,  but 
the  vernier  has  been  moved  in  each 
case.  At  A  the  vernier  sero  is  at 
the  3-inch  mark  of  the  scale,  and 
it  is  seen  that  10  divisions  of  the 
vernier  cover  a  space  equal  to  0  di- 
visions on  the  scale,  hence  oM 
division  on  the  vernier  is  «*qual  to 


0.9-1- 10»0.00  inch  long,  and  is  0.01  inch  shorter  than  the  smallest  divisioiis 
on  the  scale.  If,  therefore,  the  vernier  is  moved  along  the  scale  until  the 
first  mark  on  the  vernier  Cnot  counting  the  zero)  is  exactly  opposite  to  the 
corresponding  mark  on  the  scale  (as  shown  at  B)t  the  vernier  sero  muat 
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1  taoh  tmm  tlie  a-iooh  nutk  i 
iMii.  on  th«  varnier  ii  oi>iKMit< 

it  C).  the  lero  wLl 


a  tha  Hall.  It  mored  mtT  tba  lea- 
to  thii  oormpoadiDK  nurk  an  ttia 
b«  0^2  Inch  tram  tBs  3-iiioli  aurk. 


D),  thfl  vsr< 
f  another  OJ)I 
noh  nwrk,  uid 


r  of  the  vsmier  oppoeite  ti 


iKiew  will  bagin  &giiiu. 

Readiko  the  vERtaER.    From  the  preceding  illuitraUon 
evident  th&t  when  the  zero-point  of  the  vernier  is  between 

^wo  adjacent  marks  on  the  scale,  ita  position  may  be  deter- 

d  by  observing  which  mark  on  the  vernier  is  exactly  oppo- 

K>me  mark  on  the  sc^e.     For  this  reason  the   Eero-marlc 

vernier  frequently  serves  as  an  indicator  for  the  movable 

of  an  instrument  to  which  the  vernier  is  fastened.     For 

iple,  when  a  vernier  is  attached   to        _^  _ 

arget  of  a  leveling-rod  (as  shown  o 

!1),  the  zero  point  of  the  vernier  i 

id  opposite  the  horizontal  center  line 

le  target,   so   that  when  this  center 

(and  the  vernier  zero)  stops  between 

adjacent   graduation   marks  ( 

the  jractional   reading  may   be   ob- 

id  from  the  vernier.      There  are  al- 

I   two   steps   involved   in    the   whole 

ing,  viz. : 

)  Not*  the  position   of  the    ' 

with  respect  to  the  main  (stationary) 

,  paying  no  attention  to  the  other 

CB  of  the  vernier. 

)  Observe  which  mark  on  the  vemii 

pposite   or   most   nearly   opposite 

c  on  the  scale,  and  add  this  reading 

lat  obtained  ii 


onty  u 


tional 


3\,  count  FW.  065  <A- 

smalkst  diviaon  on  (hp  nn 


«  ia  0.34  [t.+0.006-0^1G  ft.  » 
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dicator  Is  just  half  way  between  0^  and  035  ft.  On  the  scale  matted  / 
the  reading  is  0.40 -t-O^X)?  "0.407  ft.  A  common  mistake  would  be  to  ail 
it  0.47  ft. 

Remark.  In  reading  a  vernier  there  are  certain  ddtniier-pomft  w)i«n 
mistakes  similar  to  that  indicated  above  are  likely  to  occur:  Thcae  poiall 
for  verniers  on  leveling-rods  are  pointed  out  on  pages  228-231,  and  ioT 
transit  verniers  on  pages  7&-83« 

(e)  Direct  and  retrograde  verniers.  A  direct  vernier  fa 
one  in  which  the  smallest  division  on  the  vernier  Ib  Bhorter 
than  the  smallest  division  on  the  main  scale.  In  a  retrogndt 
vernier  a  division  on  the  vernier  is  longer  than  a  division  gb 
the  scale.  Most  verniers  on  surveying  instruments  are  dii«ot» 
such  as  those  shown  in  Figs.  565  (a)  and  565  (d)* 

(/)  Remark.  In  reading  a  retrograde  vernier  proceed  exactly  as  If  It 
were  a  direct  vernier,  observing,  however,  that  the  divisions  are  numbsnd 
backward,  or  in  an  opposite  direction  from  the  numbers  on  the  main  scale. 

Retrograde  verniers  are  used  on  leveling-rods  which  read  dovmward  fn»n 
the  center  of  the  target  instead  of  upward.  (See  page  230  for  target  vrr> 
niers  which  are  direct  and  hence  read  upward.)  Retrograde  vermcfs  a*e 
also  used  in  special  forms,  such  as  those  described  on  page  83. 

(g)  To  determine  the  smallest  reading  or  least  count  of 
a  vernier:  (1)  Observe  koio  many  divisions  on  ths  scale  com- 
spond  to  the  same  number  plus  one  (on  a  direx^t  vernier)  or  mima 
one  (on  a  retrograde  vernier), 

(2)  Divide  the  value  of  the  smallest  division  on  the  scale  by  (hi 
number  obtained  in  (1). 

In  algebraic  terms  let  cf= length  of  the  smallest  division  on 
the  scale,  v  =  length  of  smallest  division  on  the  vernier,  n»the 
number  of  d*8  which  added  together  equal  (n+1)  v's  for  direct 
or  (n  — 1)  17*8  for  retrograde  vernier.  Then  nd=(n+l)v  (direct) 
or  rwi=(n  — l)v  (retrograde). 

Hence  the  smallest  reading  of  the  vernier  is 

d— v— — r-T  (direct)  or  d—v^* r  (retrograde),    .    (1) 

»4"l  n — 1 

On  many  surveying  instruments  verniers  are  so  constructed 
that  the  above  rule  may  be  simpUfied  to: 

Divide  the  value  of  the  smallest  division  on  the  scale  by  ike  num^ 
her  of  divisions  on  the  vernier. 

(h)  Verniers  for  leveling-rods  and  transits.  The  prin- 
cipal use  of  the  vernier  in  surveying  is  in  taking  target  readings 
in  leveling,  and  in  reading  angles  in  transit  work.  The  ver- 
niers on  targets  are  similar  to  that  shown  in  Fig.  565  (d)  and 
MJV  fully  illustrated  on  pajge  230;  they  should  not  be  confused 
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with  the  ordinary  scale  used  on  many  targets,  and  illustrated 
on  page  228. 

The  vernier  on  the  transit  is  divided  into  spaces  correspond- 
ing to  angular  measure  instead  of  linear;  the  principle  how- 
ever is  exactly  the  same.  Illustrations  of  transit  verniers  are 
given  on  pages  78  to  82. 

566.  The  Magnetic  Needle.'^  (a)  Dip  of  thb  needle.  A 
needle  which  is  perfectly  balanced  before  it  is  magnetized  will, 
after  it  is  magnetized,  dip  towards  the  pole,  and,  in  the  northern 
hemisphere,  the  farther  north  the  needle,  the  more  its  northern 
end  wiU  be  attracted  downward.  In  order  to  counteract  thia 
tendency,  a  small  wire  coil  is  placed  around  the  needle  to  act 
as  a  weight  on  its  southern  half.  As  the  dip  varies  in  different 
localities  this  little  weight  may  be  slipped  in  or  out  along  the 
needle  to  preserve  a  perfect  balance. 

(6)  Magnetic  declination.  The  magnetic  needle  does  not 
point  directly  north  except  in  a  few  localities.  In  some  places 
it  points  west  of  north,  in  other  places  east  of  north.  The 
meridian  in  which  2^  needle  properly  magnetized  and  properly 
balanced  comes  to  rest  at  any  given  place  and  time  is  called 
the  magnetic  meridian  for  that  place  and  time,  and  the  angle 
between  a  magnetic  meridian  and  a  true  north  and  south  merid- 
ian is  the  corresponding  declination  of  the  needle  or  the  mag* 

• 

netic  declination.  In  some  places  this  declination  is  practi- 
cally nothing,  while  in  other  places  it  is  very  large.  Thus  in 
central  Ohio  it  is  nearly  zero,  but  in  Maine  it  is  18®  west,  while 
in  the  State  of  Washington  it  is  23°  east.  (See  Isogenic  Chart.) 
As  the  magnetic  meridian  at  any  given  place  is  continuously 
changing  there  are  corresponding  variations  of  declination. 

Variations  op  declination.  (1)  Secular  variations,  (2) 
diurnal  variations,  (3)  irregular  variations,  (4)  annual  variations, 
and  (5)  lunar  variations.  The  last  two  are  so  small  that  they 
may  be  neglected. 

(c)  The  secular  variation  is  the  slow  variation  in  the  magnetic 
declination  which  takes  place  with  the  lapse  of  time,  requiring 
several  hundred  years  for  its  full  development.  This  change 
appears  to  be  periodic  in  its  character,  like  the  motion  of  a 
pendulum;    that  is,  the  compass  needle,  after  moving  continu- 

*■  I       '■  ■  ■  »     .1  I       ■  —  ■        ■     ^  -..  -     ,  ^  ■  ■  ■  I    „  .     ■  I      I     ■  -     ■_    ,        _  m 

*  For  a  treatise  on  this  subject  see  Magnetic  Dedination  Tables  and  Iso' 
qunic  Charts  for  1902  and  Principal  Facts  Relating  to  th&  fiotlK'tt  M<mpM^>AM^ 
by  L.  A.  Bauer  (U.  S.  Coast  and  Geodetic  Surve^V 
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ously  in  one  direction  for  a  long  term  of  years,  gradually  ixkdmi 
to  a  standstill,  and  then  begins  a  motion  in  the  opposite  xlirN- 
tion.  Thus  at  Portland,  Maine,  the  declination  appeus  to 
have  been  12®  west  in  1700,  then  decreasing  to  only  8®  wfest  in 
1780,  then  increasing  again  until  now  it  is  more  than  }  4^  v/est. 

In  the  work  of  the  surveyor  secular  variation  is  very  impcNr- 
tant,  and  unless  otherwise  specified  it  is  the  variation  commonly 
referred  to.  The  rate  of  variation  is  different  for  di£[erent 
places,  and  the  change  per  year  at  a  given  place  is  toot  s  con- 
stant quantity,  as  frequently  assumed  by  the  surveyor.  The 
change  per  year  (which  should  not  be  confused  with  annual 
variation)  is  greatest  near  the  middle  point  of  the  swing  re- 
ferred to  above,  and  becomes  less  and  less  as  the  extremes  are 
approached.  Thus  at  San  Francisco,  where  the  needle  has 
apparently  reached  its  extreme  easterly  position,  the  variation 
per  year  at  present  is  almost  zero. 

In  the  eastern  part  of  the  United  States  declinations  (west) 
are  increasing,  while  in  the  western  part  declinations  (east) 
are  decreasing. 

The  difference  in  the  rate  of  variation  may  be  shown  bj 
taking  a  few  cities  at  random: 

Approximate  Annual  Change  ia  Minutes. 

1895  1900  1902 

Bangor,  Me +1.5  +0.9  +(U1 

New  Haven,  Ck)nn +3.3  +3.0  +1.8 

New  Orleans,  La +4.3  +4.3  +3.6 

San  Francisco,  Cal -0.1  +0.1  +0.1 

The  declinatioDS  at  a  given  place  for  a  number  of  sucoesnve 
years  are  sometimes  given  by  an  empirical  formula,  but  the 
various  formulas  for  different  places  are  not  always  reliable. 
It  is  better  for  a  sur\^eyor  to  determine  the  declination  for  him-. 
self  at  the  place  where  he  is  working,  by  observations  on  Polartt; 
or  by  some  similar  method.     (See  Chapter  XXVIII.) 

(d)  The  diurnal  variation  is  the  change  in  thie  direction  of 
the  needle  from  hour  to  hour  during  the  day,  from  its  most 
easterly  position  of  the  needle  at  about  8  a.m.  to  its  most  weste^ 
ly  position  at  about  1.30  p.m.  The  needle  is  in  its  mean  position 
betwean  10  a.m.  and  12  m.,  and  between  5  and  6  p.m..  and  hence 
during  those  periods  the  daily  variation  may  usually  be 
ignored.  The  amount  of  variation  differs  for  different  localitiei^ 
snd  for  different  seasons  of  tVve  yeai  m  the  same  locality.    The 
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total  movement  in  the  United  States  is  from  3  to  12  minuteSy 
and  is  greatest  in  the  months  of  June,  July,  and  August. 

(e)  The  annual  variation  is  a  cyclical  change  having  the  year 
as  a  period,  and  should  not  be  confounded  with  the  change 
per  year  due  to  secular  variation,  for  the  latter  is  a  progressive 
change.  The  annual  variation  amounts  in  most  places  to  less 
than  one  minute  and  can  be  neglected  for  all  practical  purposes. 

(/)  Irregular  variations  are  due  to  magnetic  disturbances  or 
storms  which  may  occur  at  any  time  and  cannot  be  predicted. 
Variations  of  this  kind  amounting  to  more  than  a  degree  have 
been  observed. 

(g)  IsoGONic  UNE8  are  imaginary  lines  passing  through 
places  where  the  magnetic  declination  is  the  same  at  a  given 
time.  From  inspection  of  the  isogonic  chart  given  in  the  back 
of  this  hook  the  isogonic  lines  are  seen  to  be  very  irregular. 

(h)  The  agonic  line  passes  through  places  where  the  decli- 
nation at  a  given  time  is  zero.  In  the  United  States  this  line 
passes  through  South  Carolina,  Ohio,  and  Michigan,  and  is 
slowly  moving  westward.  For  places  east  of  this  line  the  declina- 
tion is  west  and  for  places  west  it  is  east.  This  fact  is  a  help  in 
remembering  whether  the  declination  for  a  given  place  is  east 
or  west. 

(i)  I^ocAL  ATTRACTION  is  a  term  used  to  denote  any  influ- 
ence which  prevents  the  needle  from  pointing  to  the  magnetic 
north  in  a  given  locality.  In  its  strict  sense  it  does  not  include 
avoidable  attraction  due  to  things  about  the  person  or  to  other 
sources  not  connected  with  the  place  where  the  needle  is  read. 
Some  of  the  sources  of  local  attraction  are:  Magnetite  in  the 
ground,  trolley-wires,  steel  structures,  railroad-rails,  under- 
ground iron  pipes,  etc.  Contrary  to  a  common  belief,  iron 
ores  do  not  affect  the  needle  imless  they  contain  magnetite 
*or  pyrrhotite.  Some  of  the  avoidable  sources  of  attraction  are: 
Keys,'  knives,  steel-bowed  spectacles,  spectacle  cases  (which 
though  covered  With  leather  may  be  solid  steel  inside),  wire 
in  a  hat  brim,  metal  buttons,  and  other  bits  of  iron  or  steel 
about  the  person;  also  axes,  chains,  steel  tapes,  etc.,  which 
may  be  lying  on  the  ground  nearby. 

Note.  In  retracing  an  old  survey  made  many  years  ago,  it  was  fotmd 
that  the  bearings  of  all  the  courses  were  incorrectly  given  on  the  original 
map,  and  the  errors  were  so  large  as  to  indicate  that  something  was  wrong 
with  the  compass  originally  used.  Fortunately  tlie  instrument  was  stiU 
in  existence,  and  an  exammation  disclosed  the  presence  of  a  steeV  «»ct^ 
in  the  compass-box 
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567.  The  Level-bubble.  The  interior  surface  of  the  glaas 
tube  of  a  spirit-level  should  be  ground  so  that  a  longitudiiial 
section  will  show  a  circular  arc.  Tlie  more  imiform  this  curvar 
ture  is  throughout  the  length  of  the  tube  the  more  regular  will 
be  the  motion  of  the  bubble,  and  the  greater  the  radius  of  cur- 
vature the  greater  the  sensitiveness  of  the  bubble.  Within 
reasonable  limits  the  more  sensitive  the  bubble  the  more  per 
feet  the  work,  though  a  very  sensitive  bubble  may  be  too  un- 
steady for  many  purposes;  on  the  other  hand  a  sluggish  bubble, 
though  it  may  give  the  appearance  of  steadiness  to  an  instru- 
ment, and  an  impression  that  it  '^ keeps''  its  adjustment^  is 
incapable  of  accurate  work. 

The  fluid  used  in  spirit-levels  is  usually  alcohol  or  ether. 
Pure  alcohol  is  slow-acting,  requiring  some  time  to  settle  or 
to  obtain  its  equilibrium,  while  ether  is  quick-acting,  but  is  objec- 
tionable on  account  of  too  great  contraction  and  expansion 
for  slight  changes  of  temperature.  Some  makers  combine  the 
two.  Whatever  fluid  is  used  the  length  of  the  bubble  changes 
with  variation  in  temperature,  and  as  the  bubble  grows  shorter 
it  becomes  less  sensitive.  If  the  whole  tube  becomes  over- 
heated as  it  sometimes  does  when  left  in  the  sun,  the  bubble 
may  become  so  short  as  to  be  nearly  useless.  If  one  end  of 
the  tube  becomes  warmer  than  the  other,  the  tendency  is  for 
the  bubble  to  move  toward  the  warmer  end.  *  (See  experiment, 
p.  227,  and  Art.  350  (a),  p.  272.) 

The  line  tangent  to  the  circular  arc  of  the  tube  at  its  middle 
point,  or  a  line  parallel  to  this  tangent,  is  called  the  axis  of  th§ 
bubble-tube.  When  this  axis  is  horizontal  the  bubble  will  be 
in  the  center  of  the  tube.  Should  the  axis  become  slightly 
inclined  the  bubble  will  move  toward  the  higher  end  d  the 
tube  in  proportion  to  the  angle  made  by  the  axis  with  the 
horizon.  The  glass  tube  is  usually  graduated  on  top  by  maria 
0.01  ft.  apart.  The  value  of  a  level-bubble  is  usually  expresMd 
by  the  change  which  takes  place  in  the  inclination  of  the  axis 
when  the  bubble  moves  over  a  single  space.  Thus  in  a  1-minute 
level  for  a  displacement  of  one  division  the  inclination  changes 
1  minute,  and  in  a  20-second  level  it  changes  20  seconds.  The 
value  as  given  by  the  makers  for  any  particular  level  is  fre- 
quently found  by  actual  tests  to  be  erroneous.  The  engineer 
can  test  for  himself  the  sensitiveness  of  a  bubble  by  the  method 
given  below* 
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When  a  level-bubble  is  attached  to  a  telescope  the  relation 
between  the  sensitiveness  of  the  bubble  and  the  magnifying 
power  of  the  telescope  should  be  such  that  the  smallest  ver* 
tical  movement  of  the  cross-hairs,  which  is  visible  to  the  eye^ 
is  followed  by  an  appreciable  movement  of  the  bubble.  For  a 
good  transit  the  bubble  attached  to  the  telescope  should  have 
a  sensitiveness  of  not  less  than  0.01  ft.— 25'^  of  arc,  while  that 
of  the  plate-levels  should  be  not  less  than  0.01  ft.  — 40"  of  arci 
For  a  good  wye-level  or  dumpy  level  the  sensitiveness  should 
be  not  less  than  0.01  ft. —  IS"  of  arc. 

Circular  bubbles  are  sometimes  used  for  the  jdumbing-levels 
attached  to  leveling-rods,  and  are  occasionally  found  on  transits 
and  other  instruments. 

(a)  To  TEST  THE  SENSITIVENESS  OF  A  BUBBLE.  Assuming 
that  the  bubble- tube  is  attached  to  the  telescope  of  a  level,  the 
angular  value  of  the  bubble  may  be  found  as  follows:  (1)  Set 
up  the  level  and  hold  a  leveling-rod  on  some  point  a  known  dis- 
tance from  the  instrument.  (2)  Take  two  readings,  one  with 
the  bubble  two  or  three  divisions  to  one  side  of  the  center,  the 
other  with  the  bubble  about  the  same  number  of  divisions  the 
other  side  of  the  center.  (3)  The  difference  in  readings  divided 
by  the  distance  to  the  rod  is  the  natural  tangent  of  the  angle 
between  the  two  lines  of  sight.  Divide  this  tangent  by  the 
tangent  of  1"  of  arc  (0.00000485),  thus  obtaining  the  value  of 
the  angle  in  seconds  of  arc.  Divide  the  result  by  the  number 
of  divisions  between  the  two  positions  of  the  bubble;  the  resu't 
is  the  average  value  in  seconds  of  a  single  division. 

Suggestion.  (1)  Set  the  level  up  in  the  shade  with  two  diagonally  oppo- 
site leveling-screws  in  the  line  to  the  leveling-rod.  Change  the  position  of 
the  bubble  by  means  of  these  screws.  Probably  better  results  will  be 
obtained  if  an  extra  man  acts  as  bubble-tender.  (2)  In  measuring  off  a 
base  line  to  the  rod  it  saves  arithmetical  work  to  make  it  an  even  200  or 
300  ft.  (3)  Repeat  the  test,  holding  the  rod  at  different  distances  and 
displacing  the  bubble  by  different  amounts.  (4)  Any  bubble-tube  othtf 
than  a  telescope  level  may  be  tested  in  a  similar  manner  by  attaching  it 
rigidly  to  a  telescope,  with  its  axis  approximately  parallel  to  the  Irne  of 
sight.  (5)  There  are  small  instruments  called  level-tners  especially  designed 
for  testing  levels.  (6)  Draw  a  figure  and  show  that  if  D  is  the  distance 
from  the  instrument  to  the  rod,  R  the  radius  of  curvature  of  the_  level- 
tube,  d  the  length  of  one  division  of  the  scale,  and^A^  the  difference  in  two 
rod-readings  when  the  bubble  is  moved  over  n  divisions  of  the  scale,  then 

n 

568.  The  Theory  of  Lenses.  In  order  to  understand  the 
construction  of  the  telescope  it  is  necessary  first  to  study  some 
of  the  most  important  properties  of  lenses.    TYve  ^^et«oX»  Vstcb^ 
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of  lenses  most  used  in  telescopes  are:  (1)  Double-convex  (con- 
vex on  both  sides);  (2)  plano-convex  (plane  on  one  side,  con- 
vex on  the  other);  (3)  concavo-convex  (concave  on  one  sidei 
convex  on  the  other).  No  one  of  these  fonns  is  used  singly, 
but  two  or  more  are  combined  to  correct  certain  defects  which 
could  not  be  overcome  in  a  single  lens.  It  is  unnecessary  to 
give  here  a  complete  statement  of  the  theory  of  lenses;  it  will 
suffice  to  point  out  the  principles  which  apply  to  the  passage 
of  light  through  a  double-convex  lens.  These  principles  are 
in  general  the  same  for  the  other  forms. 

Remark,  The  figures  in  this  article  are  not  drawn  to  scale  and  are 
necessarily  much  <hstorted. 

(a)  Double-convex  lenses.  Each  of  the  two  surfaces  of 
the  double-convex  lens  is  a  portion  of  a  sphere,  and  the  line  pass- 
ing through  the  centers  of  these  two  spheres  is  the  principal 
axis.  If  the  radii  of  these  two  surfaces  are  equal,  the  optical 
center  is  at  the  geometrical  center  of  the  lens.  If  the  Jens  is 
very  thin  it  may  be  assumed  that  any  ray  of  light  passing 
through  its  center  undergoes  no  deviation.    The  principal  focus 

of  a  convex  lens  is  the  point  of 

^^  A-- its  principal  axis  where  rays  of 

c' ^c"'  -  "^m^^S^V  light  parallel  to  that  axis  are  con- 

"^^t^-^^B-^;^:^^^  verged  (approximately)  after  pass- 

—^^m^. ing  through  the  lens,  and  in  the 

r*.     eoo  /T%  ordinary  double-^ionvex    lens    the 

Fig.  568  (I).  •     •     1    *     •  ., 

two   pnncipal   foci    are    on    the 

principal  axis  equal  distances  from  the  optical  center.    Thus  in 

Fig.  568  (I),  A  A  is  the  principal  axis,  C  the  optical  center,  and 

F  and  F'  the  principal  foci.    The  distance  FC,  equal  to  F'C, 

is  the  focal  length  which,  for  a  given  lens,  is  always  constant. 

The  focal  length  depends  upon  the  curvature,  not  upon  the 

size  of  the  lens,  but  as  large  lenses  usually  have  longer  radii 

of  curvatiu^  than  small  lenses  their  focal  lengths  are  usually 

greater.      , 

Proposition  I.    A  cone  of  rays  from  a  point  located  at  either 

focus  becomes  a  cylinder  of  rays  after  passing  through  the  lens, 

the  axis  of  the  cylinder  cxyindding  loith  the  principal  axis  of  the 

lens.     Conversely  rays  of  light  parallel  to  the  principal  axis  conr 

verge  at  a  principal  focus  after  passing  through  the  lens* 

lUtistraiion.    In  Fig.  568  (I),  the  full  lines  converge  at  F  afto* 
tbfougjb.  thfi  leim  and  the  dot^  Unw  8;b  T?  • 
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lUuatration.  The  raya  from  tlie  sun  are  praeticaUy  pAralM,  and  in  th# 
familiar  experiment  of  burning  a  hole  in  paper  with  a  nadmc-KlaMt  toe 
cays  are  converged  at  the  principal  focus  of  the  ~* 


:ir.7-.r^  "ft' 


Fio.  568  ai). 

Proposition  II.  Rays  diverging  from  any  paint  converge 
approximately  at  a  real  focus  after  passing  through  the  lenSp 
provided  the  distance  from  the  optical  center  to  the  point  is 
GREATER  than  the  focal  length  of  the  lens. 

Illustration.  In  Fig.  568  (II),  a  cone  of  rays  from  any  point  A  beyond 
tho  focus  F  becomes  another  cone  of  rays  after  passing  through  the  lens, 
converging  at  a  point  B  beyond  the  other  focus  F* ,  Conversely  raya  from  B 
converge  at  A . 

Conjugate  foci,  K  rays  of  light  from  any  point  converge  at 
a  second  point  after  passing  through  a  lens,  and  if,  vice  versa, 
rays  from  the  second  point  converge  at  the  first,  the  two  points 
are  called  conjugaie  foci.  Thus,  for  example,  A  and  B  in  Fig. 
568  (II)  are  conjugate  foci  as  are  also  A'  and  B'.  The  line  join- 
ing conjugate  foci  passes  through  the  optical  center  of  the  lens. 
When  conjugate  foci  are  not  in  the  principal  axis  the  line  join- 
ing them  is  called  a  secondary  axis,  e.g.,  A'B'.  If  f^  and  /^  are 
the  distances  from  the  optical  center  to  conjugate  foci,  and  / 
is  the  focal  length  of  the  lens,  then  from  a  principle  of  optics 


(1) 


From  the  above  equation  it  is  evident  that  both  f^  <i^  tx 
miLst  hz  greater  than  the  focal  length. 


Fig.  568  aiD. 
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Proposition  III.  Rays  diverging  from  any  point  continue  (o 
diverge  after  parsing  thrmigh  the  lens  as  if  they  came  from  a  so- 
called  VIRTUAL  FOCUS  behind  ike  poini,  provided  the  distance 
from  the  optical  center  to  the  point  is  LESS  than  the  focal  length 
of  the  lens, 

^  Illustration.    In  Fig.  668  (IIT)  rays  diverging  from  any  point  (7  at  a 
distance  g  less  than  /  continue  to  diverge  after  passing  through  the  lens, 

t  though    less    rapidly    than    before. 

They  will  therefore  appear  to  radi- 
ate not  from  G  but  ficm  H,  a  poiot 
■^-•^^^^  behind  G.     //  is  a  conjugate  focus, 

"■•i — ■fzr-:r-a..ij        but  the  rays  do  not  actually  pass 
{Z.ZZ."'""  through   It  as   in   the    other   easfs, 

hence  it  is  called  a  virtual  amiu- 
gate  focus, 
(6)  Formation  op  images. 
-  If   the   source   of  light   is  an 

■;^>^  ^  extended  surface,  then  the  cone 

----^^^=^h'     of  rays  emanating   from  each 

point  forms  its  own  focus  after 
passing  through  the  lens;  and 
the  collection  of  foci  constitutes  an  image  which  is  real  and 
inverted  if  the  foci  are  real,  but  virtual  and  erect  if  the  foci  are 
virtual.  The  relative  sizes  of  the  object  and  image  are  sen- 
sibly proportional,  if  the  lens  is  thin,  to  their  respective  dis- 
tances from  the  optical  center. 

From  Proposition  III,  if  an  object  is  between  a  lens  and 
one  of  its  principal  foci,  the  image  is  virtual  and  erect,  and  iB 
larger  than  the  object.  This  is  the  fundamental  principle  upon 
which  magnifying  glasses,  microscopes,  and  eyepieces  of  tele- 
scopes are  constructed. 

From  Proposition  I,  if  an  object  is  at  either  of  the  principal 
foci,  no  image  is  formed  (unless  it  is  at  infinity)  for  the  cone 
of  rays  from  any  point  become  parallel  after  passing  through 
the  lens. 

From  Proposition  II,  if  an  object  is  beyond  one  of  the  prin- 
cipal foci,  its  image  is  real  and  inverted,  and  lies  on  the  oppo- 
site side  of  the  lens  beyond  the  other  principal  focus.  This  is 
the  fundamental  principle  upon  which  the  object-glass  of  a 
telescope  is  constructed. 

From  Equation  1,  if  the  distance  from' the  object  to  the  lens 

is  less  than  twice  the  focal  length,  the  image  is  larger  than  the 

ehject  and  at  a  greater  distance  from  the  lens;   if  the  distaiMe 

"'»  exactly  equal  to  twice  the  ioeoX  Ven^V*  XJoa  ^V^  M^d  its 
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image  are  of  equal  sixe  and  equally  distant  from  the  lens;  if 
the  distance  is  more  than  twice  the  focal  length,  the  image  is 
smaller  than  the  object  and  less  than  twice  the  focal  length 
from  the  lens.  In  all  three  cases  the  object  and  its  image  are 
on  opposite  sides  of  the  lens,  and  the  image  is  real  and  inverted. 
The  farther  an  object  recedes  from  a  lens  the  nearer  its  image 
approaches  the  lens,  until  with  the  object  at  infinity  the  image 
is  at  a  principal  focus.     (Proposition  I.) 

(c)  NoU,  An  image  formed  by  a  single  lens  is  never  perfectly  distinct 
on  account  of  spherical  and  (Aromatic  aberrations  of  the  lens.  The  former 
is  due  to  the  fact  that  the  rays  of  light  passing  through  the  lens  near  the 
edge  converge  at  a  point  slightly  nearer  the  lens  than  that  in  which  the 
central  rays  nieet;  the  latter  to  the  fact  that  rays  of  different  colors  form 
their  foci  at  differ^it  distances.  Spherical  aberration  can  be  corrected  by 
making  the  surfaces  of  forms  other  than  spherical,  or  by  combining  two  or 
niore  lensen  properly  proportioned;  chromatic  aberration  only  by  com- 
bining two  or  more  convex  and  concave  lenses  of  different  materials.  Thus, 
for  example,  the  objective  in  the  telescope  of  a  surveying  instrument  is  an 
achronuiti4:  lens  composed  of  a  double-convex  croum-glaaa  and  a  concavo- 
convex  fiint  glaas  lena. 

569.  The  Telescope,  (a)  The  telescope  shown  in  the  photo- 
graph on  page  551  is  similar  to  those  used  on  all  surveying 
instruments.  The  object-glass  at  A  gathers  the  rays  of  light 
from  an  object,  and  forms  an  inverted  image  in  the  plane  of 
cross-hairs  at  DD,  The  eyepiece,  extending  from  E  to  F, 
magnifies  both  the  inverted  image  and  the  cross-hairs.  In 
some  telescopes  the  image  appears  to  be  erect,  while  in  others 
it  remains  inverted.  The  difference  lies  wholly  in  the  eye- 
piece, as  will  be  explained  farther  on. 

The  eyepiece,  shown  by  itself  at  F^O,  is  similar  to  a  micro- 
scope. When  in  place,  the  end  G  moves  through  a  ring  at  EE. 
A  separate  view  of  this  ring  at  JE"i^'  shows  the  four  screws  that 
hold  it  in  place.  These  screws  pass  through  smooth  holes  (not 
threaded)  in  the  shell  of  the  telescope,  so  that  by  unscrewing 
and  screwing  opposite  screws  the  ring  may  be  drawn  from  one 
side  to  the  other  for  the  purpose  of  centering  the  end  G  of  the 
eyepiece.  (See  p.  601.)  The  eyepiece  shown  is  an  erecting 
eyepiece  and  has  four  lenses,  one  at  F'  one  at  G,  and  two  be- 
tween F'  and  G.  The  eyepiece  may  be  moved  in  or  out  for 
focusing  by  turning  the  piece  F'M  so  that  the  projecting  head 
of  a  screw  works  in  the  spiral  slot  shown  at  A''.  Some  eye- 
pieces are  focused  by  a  rack  and  pinion  similar  to  that  used 
for  the  object-glass. 

The  object-glass  is  set  in  the  end  of  a  tube  ^o^n  Vcv  ^  ^e^a.- 
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rate  view  at  A'K,  The  end  K  moves  through  a  ring  at  CC 
similar  to  the  ring  shown  at  E'E^j  and  it  may  be  centered  by 
adjusting  this  ring  in  the  manner  explained  above  for  the  eye- 
piece ring.  The  object-glass  may  be  moved  in  and  out  for 
focusing  by  turning  a  screw  at  B,  At  the  inner  end  uf  this 
screw  is  a  pinion  (shown  at  B')  which  works  in  a  rack  shown  at 
H,  and  thus  moves  the  whole  piece  that  carries  the  object-glass. 
The  cross-hair  ring  at  DD  is  shown  in  a  separate  '•.•iew  at  WD'. 
It  may  be  moved  up  or  down  and  from  side  to  side  by  turning 
the  capstan  screws  which  pass  through  smooth  holes  (unthreaded) 
in  the  shell  of  the  telescope.  (See  p.  587.)  The  croBs-hairs  are 
spider-webs  (or  very  fine  platinum  wire)  almost  invisible  to  the 
eye,  and  therefore  not  \isible  in  the  photograph.  The  whitish 
lines  on  the  ring  at  right  angles  to  each  other  are  caused  by 
the  shellac  which  fastens  the  cross-hairs.  Underneath  the 
shellac  are  very  fine  scratches  to  aid  in  replacing  broken  hairs. 
"Sec  p.  616.) 

Note.  It  is  very  important  for  purposes  of  adjustment  to  imdentand 
clearly  how  the  capstan  screws  control  the  movement  ot  tbe  croi  hmir 
ring,  or,  as  it  is  often  called,  the  reticle.  The  cross-hairs  must  be  ^stened 
to  tiiis  ring  at  right  angles  to  each  other  before  the  ring  is  irfaoed  in  the 
telescope,  as  they  cannot  be  changed  in  this  respect  aftermtrd.  Notice, 
however,  that  the  holes  in  the  telescope  through  which  the  screws  peas 
are  not  threaded;  on  the  contrary,  they  are  a  little  larieer  than  the  sciews, 
so  that  when  the  latter  are  loose  the  whole  ring  may  be  tamed  siiKbtly 
by  moving  the  four  capstan  heads  simultaneously  around  the  oatside  of 
the  telescope  until  one  cross-liair  is  vertical  and  the  other  horisontal.  When 
the  capstan  screws  are  t'ght,  each  screw  presses  a  curved  washer  (shown 
in  the  photograph)  aga>  ist  the  outside  surface  of  the  tdescope.  When 
)nc  screw  is  loosened  a^d  the  opposite  screw  tightened,  the  wnole  ring  is 
drawn  toward  the  tiRhtened  screw  (since  the  holes  in  the  shdl  of  Hie  t«e- 
4cope  are  smooth)  untu  the  loose  screw  and  its  washer  are  brauflEht  into 
pontact  again  with  the  ouiside  of  thfe  telescope.  Notice  that  before  tif^ten* 
ing  one  screw  the  opposite  screw  should  be  loosened,  otherwise  the  ring 
oannot  move  and  the  screw-thread  may  be  stripped.  By  looeenins  the 
lower  screw  and  tightening  the  upper  screw,  the  whole  ring  may  be  cuawn 
upward,  or  hy  reversing  the  process  it  may  be  drawn  downward.  likewise 
by  working  the  side  screws  in  a  similar  manner,  it  may  be  drawn  to  one 
side  or  the  other.  All  this  may  be  dons  without  turning  the  rinc  ijB^aat 
hair  maj-  be  kept  vertical,  the  other  horizontal. 

(.'/)  The  theory  of  lenses  as  applied  to  a  telescope  maj 
l)C  studied  more  in  detail  by  means  of  Fig.  .569  (6).  Let  the 
uj)per  figure  represent  a  telescope  with  a  non-erecting  eyepiece, 
and  tli(?  lower  figure  one  with  an  erecting  eyepiece.  The  former 
will  be  considered  first.  I^t  GG  represent,  the  object-glass 
and  AC  any  object  sighted  at.  Usually  the  distance  from  the 
object-glass  to  the  object  is  many  times  the  length  of  the  tete* 
scope,  and  hence  the  latter  is  necessarily  diown  to  a  graaf^ 
exaggerated  scale. 
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1.  The  cone  of  rays  from  A  becomes  another  cone  of  rays 
after  passing  through  the  lens,  converging  at  a  (Proposition  II, 
p.  547).  Likewise  rays  from  C  converge  at  c,  and  rays  from 
all  points  of  the  object  converge  at  corresponding^  conjugate 
foci  between  a  and  c.  Thus  a  very  small  inverted  image  of  th* 
object  is  formed  at  ac  (Art.  568  (6)  ). 

2.  The  distances  d  and  /'  are  approximately  distances  to  con- 
jugate foci,  both  being  greater  than  the  focal  length  cf  th* 
objective.  As  d  is  increased  /'  must  decrease  and  vice  versa, 
i.e.,  the  farther  away  the  object  the  nearer  must  be  the  inverted 
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Fig.  569  (6). 


image  to  the  object-glass.  (From  Equation  1,  p.  547.)  Since, 
however,  it  is  necessary  that  the  image  should  he  in  the  plane 
of  the  cross-hairs  WW  (in  order  to  ehminate  parallax  see  p  555) 
the  distance  /'  is  changed  for  objects  at  dififerent  distances  by 
moving  the  object-glass  in  (nearer  to  WW)  for  distant  objects, 
and  out  (away  from  WW)  for  near  objects.  This  explains  the 
rule  for  focusing  on  page  86.  The  focus  changes  rapidly  for 
objects  from  10  to  30  ft.  from  the  telescope,  but  very  slowly 
after  a  distance  of  100  ft.  is  reached,  the  focus  for  100  ft.  being 
nearly  the  same  as  for  greater  distances. 

The  inverted  image  ac  is  between  the  eyepiece  and  its  prin- 
cipal focus,  hence,  from  Proposition  III,  p.  548,  the  image  will 
appear  to  be  larger  than  it  is,  as  if  the  rays  of  hght  came  from 
virtual  foci  behind  ac  in  some  such  position  as  aV. 

In  the  erecting  eyepiece  extra  lenses  are  inserted  which  rein- 
vert  or  erect  the  image  at  the  cross-hairs  before  it  is  magnified.    / 
Thus  rays  from  X  converge  at  x  in  the  plane  of  the  cross-hairs^    ^ 
the  lenses  of  the  eyepiece  form  another  image  reinverted  at  sf, 
and  finally  this  image  as  seen  by  the  eye  is  magnified  by  the    /* 
tens  at  e. 
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emark.  The  cbief  objection  to  a  non-erecting  eyepiece  is  the  incon- 
ence  caused  to  the  observer  from  seeing  objects  inverted.  Thus,  for 
nple,  a  flagman  appears  to  stand  on  his  head,  to  move  to  the  right 
n  he  really  moves  to  the  left,  and  vice  versa.  In  the  erecting  e3^€i>icce, 
ever,  the  use  of  two  additional  lenses  causes  a  loss  of  light  which  is  a 
ir.ore  serious  objection  than  the  slight  inconvenience  resulting  from 
trsion.  Moreover,  for  a  given  length  of  telescope  greater  magnifying 
er  can  be  secuied  without  sacrihcit)g  illumination  by  using  a  non- 
ting  eyepiece.  (Why?)  There  is  but  little  reason  for  the  use  of  the 
ting  eyepiece,  although  it  is  more^  coinmon  than  the  simplej*  form;  it 
lid  never  be  used  on  instruments  intended  for  work  of  great  precision. 
'ote.  Two  special  forms  of  telescope  sometimes  used  for  stadia  work 
r  be  mentioned.  The  Porro  telescope,  named  after  its  inventor,  has  an 
.ngement  of  lenses  which  makes  it  possible  to  read  stadia  distances 
ctly  without  adding  the  constant  c  +  f.  In  another  form  of  telescope 
it  glass  prism  at  the  object-^ass  makes  it  possible  to  measure  stacua 
ances  without  stadia  wires.     Neither  form  is  in  general  use. 

c)  Line  of  columation  and  line  of  sight.  The  line  of 
imation  of  a  telescope  is  usually  defined  as  the  line  from  the 
leal  center  of  the  objective  to  the  intersection  of  the  cross- 
rs.  Some  writers  maintain  that  this  definition  is  correct 
y  when  the  cross-hairs  are  in  perfect  adjustment.  Since  the 
pneer  is  accustomed  to  the  less  ambiguous  term  *'line  of 
ht  "  (a  line  determined  by  the  intersection  of  the  cross- 
rs  whether  they  are  in  adjustment  or  not),  the  use  of  the 
m  "line  of  collimation"  will  be  avoided  in  this  book. 

d)  Defects  of  telescopes.  Spherical  and  chromatic 
jrrations,  defined  in  Art.  568  (c),  p.  540)  are  inherent  defects 
ich  the  manufacturer  should  aim  to  correct  by  a  proper 
nbination  of  lenses.  A  third  defect  is  due  to  the  fact  that 
J  image  of  a  flat  object  formed  by  a  lens  does  not  lie  in  a  plane, 
t  is  concave  toward  the  lens.  This  aberration  of  spheridty, 
it  is  termed,  is  entirely  different  from  spherical  aberration, 
the  case  of   the  object-glass  it  is  inappreciable,  but  in  the 

jpiece  it  is  more  serious.  It  is  not  a  source  of  error  in  meas- 
ng  angles  and  in  leveling,  since  only  one  point  is  observed 
a  time,  but  in  stadia  work  it  may  become  objectionable.  The 
0  plano-convex  lenses  used  in  the  eyepiece  to  correct  chromatic 
i  spherical  aberration  correct  also  aberration  of  sphericity. 
[e)  Qualities  of  telescopes  that  depend  upon  design  and 
istruction  are  as  follows:  1.  Definition;  2.  Illumination; 
Size  of  field;   4.  Magnification. 

I.  Definition.     If  definition  is  poor  the   image  will  not  be 
ar  and  distinct.     Lack  of  definition  is  due  to  inaccuracy  in 
nding  and  polishing  the  lenses  or  to  inaccuracy  in  centering, 
.,  failure  to  place  the  component  lenses  of  cither  the  object 
43S  or  the  eyepiece  so  that  their  axes  coincide. 


554    PRIMARY  FahTS  OF  SURVEYING  INSTRUMENTS 

2.  lUuminatian.  If  illumination  is  poor  the  image  will  appear 
faint,  though  it  may  be  sharp  and  definite.  Lack  of  illuminatioD 
limply  means  lack  of  light.  The  amount  of  light  which  reachee 
the  eye  through  the  telescope  depends,  first  of  ail,  upon  the 
size  of  the  aperture  of  the  object-glass,  which,  on  accoimt  of  the 
diaphragm  often  placed  in  the  tube,  is  somewhat  smaller  than 
the  object-glass  itself.  The  amount  of  Ught  collected  by  an 
objective  of  a  given  diameter  may  be  compared  with  that  cot 
beted  by  an  objective  of  different  diameter  by  picturing  two 
squares  whose  side»  are  equal  respectively  to  the  two  diam- 

ters,  i.e.,  the  amoimt  of  light  is  proportional  to  the  square  ol 
he  diameter.  Of  the  light  which  strikes  the  lens,  however, 
less  than  85%  enters  the  telescope,  the  loss  being  due  to  reflec* 
Lion  and  imperfect  transparency.  The  light  which  passes  through 
the  telescope  is  distributed  over  a  larger  or  smaller  area  by  the 
syepiece,  according  to  the  magnifying  power;  the  greater  the 
magnification  the  more  the  illumination  is  diminished,  the  bn^t- 
noss  of  the  image  varying  inversely  as  the  square  of  the  mag- 
nifying power.  Finally,  for  the  best  posisible  effect,  the  beam 
of  light  which  emerges  from  the  eyepiece  should  be  of  exactly 
the  same  diameter  as  the  pupil  of  the  eye. 

3.  Size  of  field.  The  field  of  view  is  the  whole  circular  area 
seen  by  an  observer  when  looking  through  the  telescope,  and 
the  angle  at  the  optical  center  of  the  object-glass  subtended 
by  the  diameter  of  this  circle  measm-es  the  size  of  this  field. 
I'he  size  of  field,  however,  is  not  dependent  upon  the  size  of  the 
object-glass.  It  increases  as  the  distAuee  between  the  object- 
glass  and  the  eyepiece  decreases,  it  increases  as  the  size  of  the 
eyepiece  increases,  it  increases  as  the  magnification  decreaaes. 
A  wide  field  of  view  is  desirable  as  it  enables  the  observer  to 
work  more  rapidly.  The  use  of  two  plano-convex  lenses  in 
the  eyepiece,  in  place  of  a  single  lens  increases  the  field  of  ww, 

4.  Magnification  depends  upon  the  ratio  of  the  focal  length 
of  the  object-glass  to  the  focal  length  of  the  eyepiece.  For 
example,  if  the  focal  length  of  the  objective  is  9  inches  and 
that  of  the  eyepiece  0.3  inch,  then  the  magnifying  power  is  SQL 
The  magnifying  power  should  be  proportional  to  the  aperture^ 
i.e.f  to  the  amount  of  light  which  enters  the  telescope.  If  the 
magnifying  power  is  too  high  for  the  aperture,  ordinary  objects 
will  appear  too  faint,  especially  under  unfavorable  atmospherio 
coaditious;  and  if  the  mapgoifying  power  is  too  low  the  objecto 
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will  appe<ir  too  small  for  accurate  sighting.  The  magnifying 
power  should  be  such  that  the  least  movement  of  the  level- 
bubble  or  change  in  the  vernier  causes  an  easily  perceptible 
movement  of  the  cross-hairs  over  the  object  in  the  field  of 
view.  Except  perhaps  in  stadia  work,  a  higher  power  than 
this  is  a  disadvantage  since  there  is  a  needless  loss  in  the  bright- 
ness of  the  imagCi  while  a  lower  power  does  not  develop  the 
full  capacity  of  the  instrument.  The  loss  of  light  in  high-power 
instruments  is  often  mistaken  for  cloudiness  due  to  poor 
lenses. 

For  rapid  working  the  exact  focusing  required  for  a  high- 
power  telescope  is  a  drawback,  a  change  in  focus  being  required 
for  a  small  change  in  distance.  For  example,  in  a  low-power 
telescope  the  focus  for  distances  between  300  and  400  ft.  is 
practically  the  same,  but  in  high-power  telescopes,  the  change  of 
a  few  feet  requires  a  change  in  focus,  and  if  the  telescope  is  not 
properly  focused  the  image  is  apt  to  be  less  distinct  than  in  low- 
power  telescopes.  Low  power  is  better  also  for  focusing  upon 
objects  very  near  the  instrument. 

Non-erecting  eyepieces  are  not  more  powerful  than  the 
erecting  eyepieces,  but,  being  shorter,  they  allow  for  a  given 
length  of  telescope  a  greater  focal  length  of  object-glass,  and 
thus  increase  the  power.  They,  however,  transmit  much  mora 
light  to  the  eye  and  have  a  much  larger  field. 

For  transits  the  average  magnifying  power  is  about  24  diam- 
eters, while  for  levels  it  is  from  30  to  36,  runniiig  up  to  50  in 
some  instnunents. 

Remark'.  An  erecting  eyepiece  is  now  made  which  can  be  manipulated 
so  as  to  change  the  power  ot  the  telescope  at  will.  By  this  device  a  high 
power  can  be  used  in  favorable  weather,  and  when  the  weather  is  unfavor- 
able this  high  power  can  be  converted  to  a  low  one  with  a  consequent 
increase  in  mumination  and  field. 

(/)  Parallax.  If  the  image  formed  by  the  object-glass  }fi 
not  in  the  same  plane  with  the  cross-hairs,  any  movement  of 
the  eye  is  likely  to  cause  an  apparent  movement  of  the  image 
with  respect  to  the  cross-hairs.  This  is  called  parallax.  The 
effect  is  similar  to  that  produced  in  looking  through  a  window, 
where  any  movement  of  the  eye  causes  an  apparent  move- 
ment of  objects  outside.  Parallax  may  render  accurate  work 
impossible.  To  remedy  it  the  image  and  the  cross-hairs  must 
be  brought  into  the  same  plane.    Two  steps  are  necftss.'xT:^  - 
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(1)  Point  the  telescope  toward  the  sky  and  move  the  eye- 
piece in  or  out  until  the  cross-hairs  are  as  well  defined  as 
possible,  i.e.,  in  perfect  focus.  If  only  one  person  uses  the 
instrument  this  focusing  may  be  done  once  for  all  (unless  the 
slide  has  to  be  moved  when  the  instrument  is  put  in  its  box), 
since  the  proper  focus  depends  simply  upon  the  eye  of  the 
observer. 

(2)  Direct  the  telescope  to  the  object  and  focus  the  object- 
glass  as  usual,  keeping  the  eye  on  the  cross-hairs  luitil  the 
\mage  appears  in  sharp  focus.  Test  by  moving  the  eye  from 
ide  to  side,  and  if  necessary  move  the  object-glass  sli^tly 
until  parallax  disappears. 

The  more  accurate  the  work  the  more  care  should  be  used 
to  eliminate  parallax,  while  the  higher  the  power  of  the  tele- 
scope the  more  difficult  it  is  to  do  this. 

(g)  Tests  for  telescopes.  A  few  of  the  most  important 
tests  for  telescopes  are  given  below.* 

Flatness  of  field.  Draw  a  heavy-lined  square,  6  or  8  inches 
on  a  side,  on  white  paper  fastened  to  a  board.  Hold  the  board 
at  such  a  distance  that  the  square  nearly  fills  the  field  of 
the  telescope.  Focus  the  telescope  on  it,  then  the  sides  of  the 
square  should  appear  perfectly  straight.  Any  curvature  ex- 
cept at  the  extreme  limits  of  the  field  is  especially  objectionable 
in  stadia  work. 

Definition,  Focus  on  small  clear  print  40  or  50  ft.  away* 
If  the  definition  of  the  telescope  is  good  the  print  will  be  clearly 
defined  and  legible. 

Size  of  field.  Set  two  transit  poles  200  or  300  ft.  from  the 
instnunent  at  such  a  distance  apart  that  one  is  in  one  edge 
of  the  field  and  the  other  in  the  opposite  edge.  Multiply  this 
distance  by  57.3  and  divide  by  the  distance  to  the  poles  200  or 
300  ft.,  as  the  case  may  be.  The  result  is  the  angular  width 
ef  field  in  degrees. 

Size  of  aperture.  Focis  the  telescope  on  any  distant  object; 
then  withdraw  the  eye  to  a  distance  of  8  or  10  inches  or  until 
the  small  disc  of  light  which  appears  in  the  center  of  the  eye- 
piece is  distinctly  seen.  Hold  a  pencil-point  at  the  extreme 
edge  of  the  object-glass.     If  it  shows  itself  as  a  dark  spot  in 


*  For  more  complete  directions  for  testing  telescopes  consult  Prali 
Baker's  Engineers'  Surveying  ln«trumcnt«»p.^. 
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the  edge  cit  the  disc  of  li^t»  the  aperture  Is  equal  to  the  diame- 
ter of  the.^ass;  if 'not,  move  it  toward  the  center  until  the 
dark  spot  appears^  measure  the  distance  from  the  edge  of  the 
^ass  to  the  pencil-point,  and  subtract  twice  this  distance  from 
the  diameter  of  the  ^ass.  The  result  is  the  diameter  of  the 
apertiue.  It  is  better  to  use  a  small  peoe  of  moistened  paper 
in  place  of  the  pencil-point,  sticking  it  on  the  glass  and  moving 
it  into  place  with  the  finger-tip. 

Magnifying  power.  Divide  the  diameter  of  the  clear  aper- 
ture by  the  diameter  of  its  image  (the  disc  of  Ught)  formed  by 
the  eyepiece.  Thus  if  the  image  is  -}^  inch  in  diameter  and  the 
aperture  is  1.5  inch,  the  magnifying  power  is  15. 

Another  method:  Focus  on  a  coarsely  graduated  rod  held 
from  125  to  150  ft.  from  the  instrument.  Look  through  the 
telescope  with  one  eye  and  along  the  outside  of  the  telescope 
with  the  other  eye.  One  space  viewed  through  the  telescope 
will  appear  to  cover  a  certain  number  of  spaces  seen  with  the 
naked  eye.    This  number  is  approximately  the  magnifying  power. 

(h)   TELBSffOPES,   SUMMARY. 

1.  The  objective  forms  an  inverted  image  at  the  cross-hairs, 
the  eyepiece  magnifies  this  image  and  the  cross-hairs. 

2.  The  objective  must  be  brought  nearer  to  the  cross-hairs 
as  an  object  sighted  at  Lb  farther  away  and  vice  vena, 

3.  The  object-glass  is  an  achromatic  lens  composed  of  a  double- 
convex  crown-glass  and  a  concavo-convex  Aim;  glass. 

4.  The  erecting  eyepiece  is  composed  of  four  lenses;  the  non* 
erecting  of  two.  The  latter  therefore  permits  more  light  to 
reach  the  eye.  It  is  also  shorter  and  therefore  affords  space 
(or  the  use  of  an  obj^tive  of  longer  focus  in  a  telescope  of  a 
^ven  length,  thus  increasing  the  power. 

5.  Magnifying  power  is  equal  to  the  focal  length  of  the  objec- 
tive divided  by  the  focal  length  of  the  eyepiece. 

6.  The  advantage  of  high  power  lies  in  the  apparent  increase 
in  the  size  of  the  object  sighted  at.  The  disadvantages  are: 
loss  in  illumination,  decrease  in  the  size  of  the  field,  increased 
difficulty  in  focusing.  The  brightness  of  an  image  varies  in- 
versely as  the  square  of  the  magnifying  power. 

7.  The  image  formed  by  the  objective  should  lie  in  the  plane 
of  the  cross-hairs  to  avoid  parallax. 

8.  The  size  of  the  aperture  is  not  always  equal  to  the  diam- 
eter of  the  objective.    The  amount  of  light  coUectjed  Vyj  \j.\x  ^- 
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jective  is  proportional  to  the  square  of  the  duuneter  of  tin 

clear  aperture. 

.  9.  Flatness  of  field  is  most  important  in  stadia  work. 

10.  Chromatic  aberration,  spherical  aberration,  and  aberration 
of  sphericity  are  defects  which  are  inherent  in  a  single  lens^  bul 
which  can  be  corrected  by  compound  lenses. 


CHAPTER  XLV 


SURVEYING  INSTRUMENTS 

As  no  person  is  likely  to  study  a  survejring  instnunait  unless  h«  ha* 
one  to  use,  no  attempt  is  made  in  this  chapter  to  explain  parts  of  an  instru- 
ment which  are  readily  understood  from  inspection.  The  chief  aim  is  to 
set  forth  important  requirements  which  good  instruments  should  fulfil, 
and  to  give  methods  of  testing  and  comparing  instruments.  Incidentally 
important  features  of  different  instruments  are  pointed  out,  and  wherever 
necessary  the  workings  of  concealed  parts  are  explained. 


S70.  Chains  and  Tapes,  (a)  Chains.  Each  link  of  a 
surveyor's  chain  is  made  of  iron  or  steel  wire,  and  includes  a  long 
piece  and  a  separate  ring  at  each  end.  There  are  two  kinds 
af  chains :  GurUer*a  chains  and  the  engineer* a  chain.  The  former 
fs  66  ft.  long,  while  the  latter  is  100  ft.  Each  has  100  Unks; 
hence  the  length  of  a  link  in  the  Gunter's  chain  is  0.66  ft.,  while 
in  the  engineer's  it  is  1.0  ft.  Some  engineer's  chains  are  only 
50  ft.  long,  but  the  length  of  each  link  is  still  1.0  ft.  Gunter's 
chain  was  made  66  ft.  long  so  that  ten  square  chains  should 
equal  one  acre.  This  gives  rise  to  the  special  units  of  measure- 
ment given  at  the  bottom  of  page  3.  While  the  chain  is  still 
used  it  is  being  rapidly  replaced  by  the  steel  tape.  (See  Re- 
mark,  p.  33.) 

(6)  Tapes  are  of  three  kinds:  (1)  Cloih  tapes,  (2)  metaUie 
tapes  (linen,  woven  with  fine  brass  wire),  and  (3)  steel  tapes. 
They  vary  in  length  from  a  3-ft.  pocket- tape  to  a  1000-ft.  steel 
tape.  Usual  lengths  are  50  and  100  ft.  Cloth  tapes  are  use- 
less except  for  very  rough  work.  Metallic  tapes  are  somewhat 
better,  but  they  are  affected  by  moisture  and  under  a  strong 
pull  they  will  sometimes  stretch  as  much  as  0.3  ft.  in  100  ft. 
They  stretch  permanently  with  continued  use  and  are  suitable 
only  for  rough  work.  Steel  tapes  vary  In  quality  and  accu- 
racy of  graduation,  but  even  the  poorest  steel  tape  is  far  superior 
to  either  a  cloth  or  a  metaOio  tape. 

66A 
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(c)  Steel  tapes.  A  steel  tape  is  a  thin  ribbon  of  steel  in 
one  piece,  from  J  to  J  in.  in  width,  from  ^^  to  ^\  in.  in  thickneflsi 

Band  {or  Chain)  Steel  Tape,  Comparatively  narrow  and 
thick,  divided  into  feet  (sometimes  links)  with  the  foot  at  eadi 
end  subdivided. 

Ribbon  Tape.  Wider  and  thinner  than  the  band  tape,  divided 
into  feet,  each  foot  subdivided;  differs  from  the  band  tape  in 
being  graduated  throughout.  The  ribbon  steel  tape  is  one  of  the 
most  accurate  devices  known  for  linear  measurements.  It  is 
used  for  city  work,  for  base-line  measurements,  and  for  other 
work  where  great  accuracy  is  required.  Errors  due  to  different 
sources,  such  as  temperature,  pull,  sag,  etc.,  can  be  eliminated  or 
corrected  as  explained  in  Chapter  V. 

Pocket  steel  tapes  in  lengths  from  3  ft.  up,  are  very  useful^ 
and  it  is  a  good  plan  to  carry  one  in  the  pocket  not  only  in  the 
field  but  in  the  office  also. 

Special  tapes  may  be  had  fitted  with  a  themuxneter  and  a 
spring-balance  or  a  compensating  handle. 

Best  size  for  ordinary  work.  Band  tape  }  to  }  in.  wide^  a 
little  more  than  ^^  in.  thick.  Ribbon  tape  J  to  }  in.  wide.  Widt 
thin  tapes  are  easily  broken. 

Graduation  of  tapes.  Tapes  may  be  graduated  to  suit  the 
purchaser.     Standard  graduations  are  as  follows: 

(1)  Every  foot  marked,  every  fifth  foot  numbered  5-to-lOOt 
the  foot  at  the  zero  end  subdivided  to  tenths  of  a  foot. 

(2)  Same  as  (1)  except  there  are  two  series  of  numbers^  one 
beginning  at  either  end  and  numbered  throughout  in  opposite 
directions,  each  end  foot  subdivided. 

(3)  Same  as  (1)  except  numbered  symmetrically  with  re- 
spect to  middle  of  tape  thus:  (>-10-20-3(>-40-50-40-30-2(>-l(M), 
each  end  foot  subdivided. 

(4)  Graduated  from  end  to  end,  each  foot  subdivided,  and 
each  foot  numbered.  This  is  the  best  form  of  graduation. 
(See  Remark,  p.  34.) 

Graduation  marks.  There  are  four  methods  in  common  use 
for  marking  graduations:  (1)  By  small  brass  rivets,  one  every 
foot,  with  some  device  for  indicating  10-ft.  points,  as,  for  ex- 
ample, one  rivet  at  10  ft.,  two  at  20  ft.,  three  at  30  ft.,  etc. 
(2)  By  short  brass  sleeves  at  graduation  points,  with  numbers 
stamped  in  the  brass.  (3)  By  lumps  ot  solder  at  graduation 
points^  with  nimibers  stamped  in  the  solder.    (4)  By  etcliing 
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ihe  division  lines  on  the  tape  with  acid.  Rivet  holes  in  (1)  and 
etching  in  (4)  weaken  the  tape.  Numbers  etched  are  apt  to 
become  indistinct.  Methods  (2)  and  (3)  are  preferable  for 
fough  usage. 

Reels  and  handles.  Tapes  may  be  wound  up  in  leather  or 
metal  boxes  or  on  some  form  of  open  reel.  It  is  better  for  the 
tape  to  use  neither,  but  to  do  it  up  in  the  form  of  a  figure  8 
(see  p.  31)-  This  allows  the  tape  to  dry  qmckly,  avoids  sharp 
bends,  and  permits  the  use  of  non-detachable  handles.  Most 
detachable  handles  come  off  too  easily  and  are  apt  to  be  lost. 
Fasten  such  handles  on  with  string  or  wire.  The  raw-hide  loop 
handle  is  not  apt  to  come  off,  but  is  more  likely  to  catch  in  the 
bushes. 

Note,  After  a  steel  tape  has  been  done  up  in  a  figure  8  it  may  be  twisted 
Into  a  still  more  convenient  fonn  as  follows:  Tie  the  ends  of  the  tape,  but 
leave  untied  the  middle  of  the  8  whei«  the  sides  cross,  thus:  allowing  the 
tape  to  hang  in  one  loop.  Grasp  opposite  sides  of  the  loop  where  they 
cross  in  the-  8  and  pull  theni  apart,  thus  stretching  the  8  erosswise.     u 

Eroperly  done  the  tape  will  turn  into  two  circular  loops  which  may  be 
rought  together  as  one  circle  about  the  size  of  one  loop  ci  the  8.  To 
undo  the  tape  reverse  th«  process,  allowing  the  tape  to  spring  back  into  a 
figure  8.  Several  trials  mas^  be  necessary  before  the  trick"  is  learned, 
but  the  form  is  such  a  connvenient  one  for  carrying  tapes  that  every  chain- 
man  should  learn  to  use  i^ 

{d)  Standardizing  tapes.  A  steel  tape  can  be  sent  to  the 
National  Bureau  of  Standards  at  Washington^  where  it  will  be 
tested  for  a  small  fee.  The  certificate  of  comparison  furnished 
will  stat^,  among  other  data,  the  temperature  at  w:hich  com- 
parison was  made,  the  tension  at  which  the  tape  wais  compared, 
and  the  length  corrected  for  a  standard  temperature  of  62°  F. 
Having  thus  obtained  the  data  concerning  one  tape  this  tape 
may  be  kept  unused  as  a  standard  by  which  to  test  other  tapes, 
or  a  permanent  standard  may  be  established  as  explained  below. 

Permanent  standard.  Any  device  used  for  testing  the  gradu- 
ation of  a  steel  tape  should  fulfil  the  following  conditions: 

(1)  The  exact  distance  between  permanent  marks  should  be 
known  at  the  time  the  tape  is  tested. 

(2)  The  tape  should  be  supported  ^throughout  its  length;  if 
supported  at  intervals  the  tops  of  the  supports  should  be  level. 

(3)  Marks  on  the  standard  should  be  very  fine,  but  clear  and 
permanent. 

(4)  Some  provision  should  be.  made  for  keeping  the  tape 
steady  at  a  known  pull;  also  some  provision  for  measuring  the 
temperatiure  of  the  tape. 
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(5)  There  should  be  some  device  for  observing  and  meamirii^ 
the  discrepancies  in  length  between  the  standard  and  the  tapt 
tested. 

For  ordinary  surveying  a  standard  for  a  100-ft.  tape  may  be 
established  as  follows:  On  a  level  floor  nail  pieces  of  zinc  about 
2  inches  square  and  25  ft.  apart  centers  (or  closer  if  desired)  for 
100  ft.  Near  each  end  place  a  small  turn-buckle,  one  end  fas- 
tened to  the  floor,  the  other  end  attached  in  one  case  to  the 
tape  and  in  the  other  case  to  a  spring-balance  which  connects 
the  tape  and  turn-buckle.  Select  a  day  when  the  temperature 
near  the  floor  is  62°  (or  whatever  may  be  the  standard  for  the 
tape),  stretch  the  tape  by  means  of  the  turn-buckle  until  the 
spring-balance  reaches  12  lbs.  (or  whatever  may  be  the  standard 
pull),  and  make  a  fine  deep  scratch  on  each  piece  of  zinc  at  tlie 
zero-point,  the  100-ft.  point,  and  at  intermediate  points.  The 
scratches  may  be  made  with  a  straight-edge  and  fine-x)oiiited 
awl,  the  work  being  done  under  a  magnif3ring  glass.  When  a 
floor  space  100  ft.  long  cannot  be  had,  the  standard  may  be 
laid  off  on  a  sidewalk,  water-table  of  a  building,  curbing  or  otha 
convenient  place  if  proper  provisions  can  be  made  for  marks. 
Sometimes  stone  posts  with  copper  plugs  or  plates  in  their  tope 
and  set  so  that  they  cannot  be  disturbed  are  used  as  standards.* 

In  extensive  work  where  great  accuracy  is  required  a  more 
elaborate  standard  is  sometimes  necessary.  That  used  for  the 
Boston  Water-works  consisted  of  a  steel  strip  a  little  over  100  ft. 
long,  laid  in  a  wooden  trough  with  a  cover  to  protect  it. 
Graduations  were  on  silver  plugs  inserted  in  the  strip.  A  tape 
laid  on  the  strip  for  testing  would  expand  or  contract  for 
changes  of  temperature  the  same  amount  as  the  strip  itself.f 

Testing  the  tape.  Stretch  the  tape  with  the  turn-buckles  and 
the  spring-balance.  Bring  the  zero  of  the  tape  exactly  oppo- 
site the  zero  of  the  standard  as  observed  through  a  magnifying 
giass,  keeping  the  pull  correct.  Read  the  amount  the  tape 
is  long  or  short,  using  a  magnifying  glass  and  a  steel  or  boxwood 
scale  divided  to  50ths  or  lOOths  of  an  inch.  Note  the  tem- 
perature of  the  tape.  The  difference  between  the  length  of 
the  tape  and  the  standard  should  be  corrected  for  the  differ- 


♦See  Engineering  News,  May  6,  1897,  p.  284,  for  a  deecription  of  an 
elaborate  apparatus  for  standardiiing  tapes  at  Salt  Lake  City. 

t  See  a  ^per  on  "  The  100-foot  SUndard  of  Length  of  the  Boeton  Watei^ 
works  at  Chestnut  Hill,"  by  Charles  W.  Sherman. 
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between  the  observed  temperature  and  the  standard  tem- 
ure;  the  result  is  the  error  of  the  tape  in  inches  and  should 
iduced  to  a  decimal  of  a  foot.  Intermediate  points  should 
be  tested,  since  some  of  them  may  be  incorrect  even  though 
!  is  no  error  in  the  total  length  of  the  tape.  A  tag  attached 
le  handle  should  give  the  result  of  the  test  in  some  such 
ler  as  this:  '*  Tested  by  John  Smith,  Fred  Jones,  and 
h  Brown,  Sept.  14,  1907,  Total  length  of  tape  0.005  ft. 
.  Intermediate  marks  at  25-fti  points  correct." 
1.  The  Transit.  Although  there  are  upward  of  four 
Ired  parts  in  an  ordinary  transit,  it  may  be  divided  for 
oses  of  explanation  into  the  three  parts  shown  in  the 
3graph  on  page  565  viz.  (1)  the  upper  plate,  (2)  the  lower 

(or  middle  part),  and  (3)  the  leveling-heod.  The  sup- 
ng  axis  of  the  telescope  rests  at  either  end  upon  a  standard, 
these  standards  are  rigidly  attached  to  the  upper  plate,  so 
when  the  telescope  is  turned  sidewise  or  horizontally  the  upper 

must  turn  with  it.  The  whole  may  therefore  be  considered 
ne  part.    The  inner  spindle  A  fits  into  a  socket  in  the 

spindle  B,  and  the  latter  fits  into  the  socket  C  in  the  level- 
ead.  The  object  of  these  two  spindles  is  to  allow  either 
ipper  or  the  lower  plate  to  be  revolved  without  turning  the 
•.  When  the  transit  is  set  up  properly  the  leveling-head 
itionary  and  the  two  plates  are  level.  If  the  upper  plate 
imped  to  the  lower  plate,  both  may  be  revolved  together 
lie  spindle  B.  If  now  the  lower  plate  is  fastened  to  the 
ing-head,  neither  plate  can  revolve  nor  can  the  telescope 
uiie»l  sidewise.     If,  however,  the  upper  plate  is  miclamped 

the  lower,  it  can  be  turned  (telescope  and  aU)  on  the 
He  A,  although  the  lower  plate  will  remain  stationary  since 

still  fastened  to  the  leveling-head.  The  upper  plate  is 
itimes  called  the  vernier  plate  because  it  has  attached  to 
premier,  the  zero  of  which  may  be  called  an  indicator.  The 
e  upper  part  including  the  telescope  is  sometimes  called 
ilidade.  The  lower  plate  or  limb  has  on  its  outer  edge  the 
uated  circle.  There  are  three  steps  in  measuring  a  hori- 
il  angle:  (1)  Set  the  indicator  of  the  vernier  opposite  the 
on  the  limb  and  clamp  the  upper  and  lower  plates  together. 
Turn  the  telescope  toward  the  backsight,  both  plates  revolv- 
m  the  spindle  B,  and  when  the  line  of  sight  is  on  the  back- 
.  clamp  the  lower  plate  to  the  leveling-plate.    ^ov«  -asvJOcvKi 


I 
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plate  can  turn  and  the  indicator  is  still  opposite  the  sera. 
(3)  Unclamp  the  upper  plate,  turn  the  telescope  toward  the 
foresight,  the  upper  plate  revolving  on  the  spindle  A,  but  the 
lower  plate  remaining  stationary;  the  value  of  the  arc  which 
the  indicator  passes  over  as  the  telescope  is  tiumed  from  the 
backsight  to  the  foresight  can  be  read  by  observing  the  point 
on  the  limb  at  which  the  indicator  stops  when  the  line  of  sig^t  I 
is  on  the  foresight.  (See  p.  67.)  For  the  methods  of  reading  ' 
angles  see  Chapter  VIII,  ind  for  directions  for  setting  up  and 
manipulating  the  transit  see  Chapter  IX. 

-  (a)  Note.    Although  the  transits  manufactured  by  different  instrument- 
make/8  vary  somewhat  to  design  from  that  shown  in  the  plmtograph  prac- 


tically all  transits  work  on  the  general  principle  of  a  double  q;>iiulle,  in  order 

ident  motion.     An  exceptioi 
noted  in  the  cas9  of  the  "cyclotomic  transit,"  made  by  a  Ban .  Francisco 


to  give   the  lower  plate  an  independent  motion.     An  exception  may  be 


firm,  in  which  the  lower  plate  is  stationary.  Around  the  periphery  of  this 
plate,  however  J  is  a  '  floating"  graduated  ring  which  is  not  fixed  but 
possesses  that  mdependent  rotation  which  the  lower  j^te  has  in  the< 


of  the  double  spindle.  Instead  of  turning  the  whole  {Mate  around  its  ver- 
tical axis,  a  narrow  metal  band  is  turned  around  the  stationary  plate,  thus 
accomplishing  the  oamc  puipose.    See  Engineering  News,  March  19, 1^6. 

(b)  Set-screws  and  tangent-screws.  The  upper  plate  is 
clamped  to  the  lower  plate  by  means  of  the  set-screw  D,  This 
screw  is  not  attached  to  the  lower  plate,  although  it  appears 
to  be  in  the  photograph,  but  it  works  through  an  arm  E  which 
ends  in  a  collar  around  the  outside  of  the  spindle  B.  When 
the  screw  D  is  set  this  collar  is  clamped  to  B,  but  when  the 
screw  is  loose  the  arm  is  free  to  turn  about  B.  When  the  upper 
and  lower  plates  are  put  together  the  arm  E  fits  between  the 
tangent-screw  and  the  cartridge-spring  at  the  point  G.  Hence 
when  the  screw  D  is  loose  the  upper  plate  can  revolve,  taking  D 
with  it,  but  when  Z)  is  set  the  upper  plate  is  virtually  clamped 
to  the  lower.  By  turning  the  tangent-screw  F,  however,  the 
upper  plate  can  be  made  to  revolve  slowly,  provided  D  remains 
fixed;  if  D  is  loose,  turning  G  will  have  no  effect.  For  example, 
the  zero  of  the  vernier  may  be  set  approximately  opposite  the 
zero  of  the  limb,  the  screw  D  may  then  be  tightened,  and  the 
upper  plate  turned  slowly  by  the  screw  F  until  the  vernier  zero 
is  exactly  opposite  the  other  zero.  In  Uke  manner  when  a  line 
of  sight  is  approximately  on  a  foresight  it  may  be  brought  ej- 
acUy  on,  without  disturbing  the  lower  plate,  by  tightening  D 
and  turning  F, 

The  lower  plate  is  clamped  to  the  leveling-head  by  means 
^/  the  set-screw  H,    When  this  is  tightened  it  pushes  in  a  littfe 
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key  (the  little  black  piece  at  the  inside  end  of  the  arm  K)  wfaldl 
binds  the  spindle  B,  so  that  the  lower  plate  cannot  turn.  The 
collar  C,  however,  is  not  fastened  to  the  leveling-head,  but  sim- 
ply rests  upon  it  so  that  by  turning  the  lower  tangent-screw  N 
the  arm  K  can  be  moved  slowly,  the  lower  plate  turning  with 
it,  provided  the  screw  H  is  tight;  if  H  is  loose,  turning  N  will 
move  the  arm  K  and  the  collar  C,  but  not  the  spindle  B  (ol  he 
lower  plate).  The  screw  H  is  used  mostly  in  backsighting,  when 
the  upper  and  lower  plates  are  clamped  together  at  zero;  when 
the  line  of  sight  is  approximately  on  the  backsight  the  screw  H 
may  be  set,  and  the  lower  plate  turned  slowly  by  the  screw  N 
(taking  the  upper  plate  with  it)  until  the  line  of  sight  is  exactly 
on  the  backsight,  with  both  plates  still  clamped  together  at  zero. 
Notice  that  neither  of  the  tangent-screws  F  nor  H  is  of  any 
use  until  the  corresponding  set-screw  is  tightened.  For  the 
proper  use  of  these  screws  in  measuring  angles  see  page  91. 

Note.  In  many  transits  the  collar  C  is  formed  by  a  bent  piece,  the  two 
ends  of  which  are  prolonged  to  form  the  arm  K.  These  two  ends  are  hdd 
together  by  a  clamp-screw  which  replaces  the  set-screw  H.  When  the 
clamp  is  loosened  the  two  ends  spring  apart,  thus  releasing  the  grip  of  the 
collar  on  the  spindle  B. 

To  control  the  movement  of  the  telescope  in  a  vertical  plane 
the  set-screw  O  works  upon  the  supporting  axis  of  the  telescope^ 
When  this  screw  is  tight  the  telescope  cannot  be  moved  up  or 
down  except  by  means  of  the  tangent-screw  P.  The  set-screw 
and  corresponding  tangent-screw  shown  at  the  other  end  of  the 
supporting  axis  are  for  the  purpose  of  adjusting  the  vertical  an 
and  are  omitted  on  many  transits.     (See  Caution,  p.  98.) 

Remark.  If  a  transit  is  in  perfect  adjustment  and  properly  set  up  it  il 
impossible  to  measure  with  it  any  except  vertical  and  horizontal  angtet^ 
for  when  the  telescope  is  turned  up  or  down  it  moves  in  a  vertical  plane. 
and  when  it  is  turned  sidewise  it  revolves  on  a  vertical  spindle  vl,  the  indi* 
cator  passing  over  a  horizontal  graduated  arc  (lower  plate). 

(c)  Special  attachments  for  special  uses  of  the  transit  are 
as  follows: 

1.  Solar  attachment  for  observations  on  the  sun  for  nieridian« 
longitude,  etc. 

2.  Gradienter  for  running  grades,  etc.     (See  p.  245.) 

3.  An  auxiliary  telescope  attached  to  the  end  of  the  suppori* 
ing  axis  of  the  regular  telescope  for  use  in  mining. 

4.  Diagovcl  or  prismatic  eyepiece  for  sighting  at  very  \a(jk 
nta. 
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6.  A  reflector  for  illuminating  the  cross-haiiis  when  working 
in  the  dark. 

6.  A  compass-needle  and  -box  generally,  but  not  always  fur^ 
nished  on  transits. 

7.  Stadia  mires  should  be  placed  in  every  transit  intended  for 
general  work.  They  are  often  omitted,  however,  unless  specially 
ordered. 

(d)  Requirements  for  transits.  The  most  important  re- 
quirements to  be  met  in  an  ordinary  transit  are  as  follows: 

1.  The  axis  of  the  spindle  B  should  be  exactly  perpendicular 
to  the  plane  of  the  graduated  circle. 

2.  The  axes  of  the  two  spindles  A  and  B  should  coincide, 
the  conical  surfaces  should  be  parallel  and  in  close  contact. 
The  instrument  should  turn  on  either  spindle  without  ^ay 
and  without  friction. 

3.  The  graduations  on  the  limb  should  be  accurate,  the  lines 
should  be  fina,  and  for  a  transit  reading  to  30"  or  less  the  gradu- 
ations should  be  on  solid  silver.  The  center  of  the  graduated 
circle  on  the  limb  should  be  in  the  axis  of  rotation.  (For  differ- 
ent graduations  of  the  limb  see  Chapter  VIII,  pp.  67-75.) 

4.  As  it  is  impossible  to  fulfil  perfectly  all  of  the  above  require- 
ments, there  should  be  two  verniers  180°  apart  for  the  purpose 
of  eliminating  errors  of  eccentricity  in  accurate  work.  (See 
pp.  101,  195.) 

5.  Theoretically,  in  order  to  avoid  parallax  the  vernier  plate 
should  be  in  the  plane  of  the  graduated  arc,  and  the  space 
between  the  two  should  be  imperceptible.  As  the  latter  con- 
dition is  impracticable,  some  makers  place  the  inner  plate 
slightly  below  the  plane  of  the  outer,  so  that  the  diagonal  \'.n? 
of  sight,  when  it  reaches  the  inner  piece,  will  strike  beyond  the 
space  between  the  two  plates  and  give  a  continuity  of  lines. 
If  this  is  done  some  provision  should  be  made  for  bringing  t'ae 
eye  into  the  vertical  plane  passing  through  the  agreeing  division 
of  the  vernier  and  the  limb.  (For  different  forms  of  verniers 
see  pp.  78-82.) 

6.  The  relation  between  the  magnifying  power  of  the  tele- 
scope and  "the  least  count  of  the  vernier  should  be  such  that 
the  least  perceptible  movement  of  the  vernier  will  cause  a  per- 
ceptible movement  of  the  cros«-hairs  on  a  distant  object  and 
vice  versa.  (See  p.  555.)  Still  greater  power  is  desirable  for 
stadia  work.    A  similar  relation  should  exist  betweew  \.l\^  ixvaj^ 
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nifying  power  of  the  telescope  and  the  sensitiveneas  at  the  level 
under  the  telescope  and  of  the  plate-levels.  (See  p.  545.)  Fof 
additional  requirements  for  telescopes  see  pp.  553  to  558. 

8.  Clamps  and  set-screws  should  hold  without  forcing,  and 
there  should  be  no  ''back  lash''  or  lost  motion  in  the  tangent- 
screws. 

9.  The  tripod  should  be  as  light  as  is  consistent  with  rigidity, 
and  for  convenience  in  setting  up  there  should  be  a  "shifting- 
head." 

10.  There  are  five  additional  requirements  which  are  met  by 
adjustments,  viz.,  (1)  The  plane  of  the  plate-levels  should  be 
perpendicular  to  the  vertical  axis  of  the  spindles.  (2)  The  line 
of  collimation  of  the  telescope  should  be  perpendicular  to  the 
suj^orting  axis.  (3)  The  supporting  axis  should  be  parallel 
to  the  plane  of  the  plate-levels.  (4)  The  axis  of  the  bubble 
under  tlie  telescope  should  be  parallel  to  the  line  of  collimation. 
(5)  The  vertical  arc  should  read  zero  when  the  line  of  collima- 
tion is  horizontal.     For  these  adjustments  see  pp.  584^  to  591. 

(e)  Tests  for  the  transit.  Graduation.  Graduating  en- 
gines have  been  perfected  to  such  an  extent  that  no  errors  in 
graduation  are  likely  to  occur  which  can  be  detected  by  any 
simple  test  that  the  surveyor  can  make.  Errors  frequently 
nm  in  periods,  so  that  one  or  two  repetitions,  should  they  fall 
within  these  periods,  give  the  same  though  false  results.  A 
second  class  of  errors  of  graduation,  called  oocidentdL  errors^ 
follow  no  regular  law.  The  surveyor  for  the  most  part  muei 
depend  upon  the  instrument-maker  to  eliminate  as  far  as  pos- 
sible both  periodic  and  accidental  errors  of  graduation. 

The  vital  point  of  any  instrument  is  the  graduation.  Defects  in  otlwr 
tMtrts  may  prove  an  annoyance  or  inconvenience,  ^nd  yet  the  instrument  woriE 
correctly.  With  defects  of  graduation,  accuracy,  if  not  impoaaible,  m  t 
mere  matter  of  accident.  Defects  in  ordinary  parts  of  the  instrument  beoome 
evident  to  the  engineer.  In  the  graduations  they  are  unknown,  and  fr»* 
quently  the  only  evidence  of  their  existence  is  the  imsatisfactory  condiUoB 
of  the  finished  work,  leaving  the  engineer  in  doubt  whether  the  unsatisfM- 
tory  results  condemning  his  work  arise  from  his  own  cardessnera  or  the 
imperfections  of  his  instrument.  It  is  not  necessary  that  errors  shoold  be 
found  in  all  parts;  the  mere  fact  that  an  error  may  exist  anywhere  is  siif> 
ficient  to  throw  doubt  upon  the  work.— CotoZo^  of  Young  ana  Sont, 

EcceniricUy.  The  two  opposite  verniers  should  read  exaetlty 
alike  in  any  position.  Test  by  reading  both  verniers  in  aovenl 
positions  until  the  circle  has  been  turned  through  at  leaal  W> 
If  readings  diffci:  by  a  constant  amount  the  verniers  are  not  set 
exactly  180^  apart.    If  they  differ  by  i  variable  amount  and 


THE    LEVEL  669 

the  graduation  on  the  limb  is  assumed  to  be  correct,  then  the 
center  of  the  upper  plate  (vernier  plate)  is  not  in  the  center 
of  the  graduated  circle,  i.e.,  the  vertical  axes  of  the  inner  and 
outer  spindles  do  not  coincide.  The  total  difference  in  readings 
between  two  opposite  verniers  is  generally  due  to  a  combina- 
tion of  the  two  causes.  A  similar  test  can  be  applied  to  the 
vertical  circle  if  it  has  two  opposite  verniers. 

Note.    For  teets  of  the  leveb  see  page  545,  and  for  the  telescope  863  page 
556. 

572.  The  Level  in  its  simplest  form  is  used  merely  to  es- 
tablish a  horizontal  line  of  sight  at  any  point  on  the  earth's 
surface.  All  forms  except  hand-levels  are  mounted  on  tripods 
similar  to  those  used  for  transits. 

There  are  two  distinct  types  of  tripod  levels,  the  ti??^-level 
and  the  dumpy  level.  Each  of  these  has  but  one  vertical  spindle, 
and  is  much  less  complex  than  the  transit.  Each  has  a  leveling- 
head  similar  to  that  used  on  the  transit,  and  the  upper  part 
carries  a  telescope  with  a  level-bubble  tube  attached.  The  most 
essential  qualities  in  the  telescope  are  definition  and  magnifying 
power.  (See  p.  553.)  The  length  of  the  telescope  is  not  limited 
as  it  is  in  the  transit,  and  varies  from  12  to  22  inches  in 
ordinary  levels.  Hence  a  higher  magnifying  power  may  be 
obtained  without  sacrificing  illumination  or  field  of  view  (see 
p.  554);  it  should  not  be  less  than  30  diameters.  Unless  the 
stadia  is  used  flatness  of  field  is  not  so  essential.  An  inverting 
eyepiece  is  better  than  an  erecting  eyepiece.  The  bubble-tube 
can  be  made  longer  than  that  on  the  transit  telescope,  and 
thus  a  greater  radius  of  curvature  secured,  increasing  the  sen- 
sitiveness of  the  bubble  to  correspond  to  the  increase  in  mag- 
nifying power.  Sensitiveness  should  not  be  less  than  0.01  ft.  «=  30", 
and  may  be  increased  to  less  than  10"  in  the  larger  instnunents. 
It  is,  of  course,  especially  important  that  the  level-bubble  should 
have  the  other  good  qualities  mentioned  on  page  544.  Another 
requirement  in  a  good  level  is  stability,  and  this  depends  mainly 
upon  the  leveling-head.  Four  leveling-screws  are  furnished 
on  ordinary  levels,  although  three  give  greater  stability  and 
delicacy.  The  spindle  should  be  long  and  well  fitted  to 
the  socket,  and  the  whole  upper  part  of  the  instrument  should 
be  well  balanced  when  the  telescope  is  focused  for  the  average 
length  of  sight. 

(a)  The  wye-level,  so  called  because  the  teleaco^  t^^\» 
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in  two  Y-shaped  supports,  has  two  distinguishing  character- 
istics: (1)  The  telesoope  may  be  revolved  about  its  own  axis 
as  it  rests  in  the  wyes,  and  (2)  it  may  be  taken  out  of  the  wyes 
and  replaced,  turned  end  for  end.  The  object  of  this  construc- 
tion is  to  facilitate  adjustment  (see  p.  592),  but  unless  the  diam- 
eters of  the  rings  or  collars  are  exactly  the  same,  perfect  adjust- 
ment is  impossible  by  the  indirect  method.  Even  if  the  lings 
are  alike  to  start  with  they  are  subject  to  wear  that  is  seldom 
the  same  on  the  two  rings.  Hence  if  the  level  attached  to  the 
telescope  is  adjusted  in  the  usual  manner  by  reversing  it  end 
for  end  in  the  wyes,  it  may  be  adjusted  parallel  to  the  bottom 
of  the  collars  and  not  parallel  to  the  line  of  sight.  Most  wye- 
levels  are  subject  to  this  uncertainty  of  adjustment  unless  the 
'*peg  method"  is  used.  (See  p.  597.)  To  overcome  this  objec- 
tion some  makers  furnish  a  "reversion"  bubble-tube,  the  ^ass 
of  which  is  ground  barrel-shape  and  graduated  on  the  bottom 
as  well  as  on  the  top.  The  arithmetical  mean  of  two  readings, 
one  with  the  telescope  normal,  the  other  with  it  revolved  ISif 
about  its  own  axis  until  the  bubble-tube  is  on  top,  is  correct, 
though  the  rings  may  be  of  unequal  diameters.  In.  any  form  of 
wye-level  there  should  be  som^  device  for  stopping  the  tele- 
scope, as  it  is  revolved  about  its  own  axis,  when  the  vertical 
hair  becomes  truly  vertical. 

(6)  The  dumpy  level  is  one  in  which  the  telescope  is  attached 
to  the  bar  in  such  a  way  that  it  cannot  be  revolved  about  its 
own  axis  or  taken  out  of  its  supports  and  turned  end  for  end. 
Though  less  convenient  to  adjust  than  the  wye-level  it  holds 
its  adjustment  longer.  As  the  line  of  sight  is  adjusted  by  the 
*'peg  method,"  the  uncertainty  of  adjustment  mentioned  in 
connection  with  the  wye-level  is  avoided.  The  dumpy  level 
is  more  simple  and  compact  than  the  wye-level,  and  if  equally 
well  made  it  will  do  as  accurate  work.  Some  of  the  most  per- 
fect levels  made  and  used  in  work  of  great  precision  are  of  this 
type.* 

(c)  Special  forms  of  levels.  Levels  of  precision  are  simply 
wye-levels  or  dumpy  levels  made  ^-ith  the.  greatest  care,  and 
ha^'^ng  some  modifications  and  attachments  designed  to  in- 
crease the  accuracy  of  the  Tvcrk.  (See  page  275.)  Hand-levels, 
such  as  Lockers  Hand-level,  are  for  rough  work  and  are  used 

*  See  Engineering  News,  July  2,  1903.  for  a  description  of  cme  oi  the  lattft 
precipe  leveling  instruments. 
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mostly  for  locating  contours  in  topographic  surveying.  (See  p. 
233.)  To  this  class  a^so  belongs  the  Clinometer  or  Abney  Hand- 
level,  which  is  a  modification  of  the  Locke  level|  having  a  sup- 
plementary telescope  and  graduated  arc  for  reading  vertical 
angles.  For  work  of  medium  accuracy  there  are  varieties  of 
levels,  such  as  the  Architects  Levels  which  are  simply  cheaper 
forms  of  the  wye  level  or  the  dumpy  level. 


Noie.  By  exercising  ■&  little  ingenuity  home-made  levels  may  be  devised, 
..hich  can  be  used  for  rough  work.  For  example,  a  right  angle  may  be 
constructed  of  two  wooden  pieces  and  pivoted  to  a  staff;     the  vertical  leg 


is  made  vertical  by  a  plumb-line  attached  to  the  upper  comer,  and  the 
line  of  sight  directed  along  the  Horizontal  leg.  Another  forfii  is  the  well- 
knrwn  A-level  in  Wiiich  the  plumb-line  is  attached  to  the  apex  of  the  A 
and  the  line  of  sight  directed  along  the  horizontal  bar.  This  form  may  be 
adjusted  by  placing  the  two  bottom  points  of  the  A  on  two  rigid  supports^ 
marking  the  point  at  which  tiie  plumb-line  crosses  the  horizontal  bar. 
reversing  the  A  on  the  supports,  marking  a  second  point  on  the  bar,  ana 
taking  a  final  point  half-way  between.  If  the  A-level  is  held  so  that  the 
plumb-line  passes  througa  this  final  point,  the  horizontal  bar  will  be  truly 
horiaontal.  There  are  also  forms  of  water-levels,  such  as  a  U-shaped  tube 
with  water  in  it,  or  even  a  bucket  of  water  witn  a  wooden  float  and  two 
upright  sticks  to  serve  as  sights.  A  carpenter's  square  and  plumb- bob  ar» 
fiequently  used  for  establishing  a  horizontal  line. 


(e)  Tests  for  the  level.  (1)  Sensitiveness  of  the  bubble. 
(See  p.  645  for  test.)  (2)  Magnification:  The  least  displacement 
of  the  bubble  should  cause  a  perceptible  movement  of  the  cross*-* 
hair,  otherwise  the  magnifying  power  is  too  low.  (See  p.  555<) 
(3)  The  optical  center  should  move  in  the  line  of  collimation 
as  the  objective  is  moved  from  the  shortest  to  the  longest  focus. 
(Sec  Suggestion  8,  p.  594,  for  test.)  (4)  The  diameter  of  the 
rings  on  a  wye-level  should  be  exactly  equal.  (See  Remark, 
p.  597,  for  test.)     (5)  For  other  tests  of  telescope  see  p.  556.). 

573.  Leveling- rods  may  be  divided  into  two  classes: 
(I)  target  rods  and  (2)  self-reading  or  speaking  rods.  Although 
the  self-reading  rod  is  usually  provided  with  a  target  for  use 
in  accurate  work,  the  graduation  on  the  rod  is  such  that  the 
levelman  can  take  direct  readings  through  the  telescope  without 
the  aid  of  a  target.  Experiments  show  that  the  difference  in 
precision  between  target  readings  and  direct  readings  is  not 
as  great  as  is  generally  supposed,  and  that  it  is  a  waste  of  time 
to  use  a  target  in  a  large  part  of  ordinary  leveling.  (See  p.  271.) 
The  two  types  of  leveling-rods  most  used,  the  New  York  rod 
and  the  Philadelphia  rod,  are  illustrated  on  pages  228  and  230. 
The  former  is  a  target  rod  and  the  latter  a  self-reading  rod. 
Frequently,  however,  the  sights  are  so  short  that  the  N'ew  York 
cod  can  be  used  as  a  self -reading  rod,  and  ior  \,\\\a  t^i^j^o^  vVkfc 
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upper  half  idioukl  be  graduated  on  the  front  face.  Iffa^f  rod 
makers  fail  to  do  this  and  it  may  be  necessary  for  the  en^neei 
to  do  it  for  himself.  There  are  many  patterns  of  self-leading 
rods  in  use.     (See  Stadia  Rods,  p.  574.) 

(a)  Targets.  The  quadrant  target  shown  on  pages  228  and 
230  is  of  the  type  most  used.  Another  form  called  the  dia- 
mond target  gives  better  results  for  long  si^ts.  There  are 
several  other  patterns  in  use.  Targets  are  provided  with  a 
vernier  as  shown  on  the  New  York  rod,  page  230,  or  with  a  scale 
as  shown  on  the  Philadelphia  rod,  page  228.  The  angle  target, 
in  which  the  right-hand  half  is  at  right  angles  to  the  left-hand 
half,  is  a  special  form  devised  to  insure  the  rod  being  held  per- 
pendicular to  the  line  of  sight.     (See  p.  270.) 

(&)  Special  forms  of  leveling-rods.  A  hinge  rod,  in  which 
the  upper  half  is  fastened  to  the  lower  by  a  hinge,  is 'sometimes 
used  in  place  of  the  ordinary  extension  rod.  Better  than  either 
of  these  for  accurate  work  is  the  single-piece  rod,  since  the 
errors  that  are  likely  to  be  caused  by  any  form  of  joint  are 
avoided.  There  are  various  other  forms,  such  as  rods  on  which 
the  target  is  moved  up  and  down  by  an  endless  chain,  and  flexi- 
ble rods  which  are  simply  canvas  strips  graduated  like  a  sdf- 
reading  rod.  These  strips  when  rolled  up  can  be  carried  in  the 
pocket;  when  tacked  to  a  straight  board  they  answer  very 
well  for  a  self-reading  rod. 

The  automatic  leveling-rod  is  a  special  form  of  self -reading  rod 
which  gives  the  elevation  of  points  directly  without  arithmetical 
work.  It  consists  of  an  endless  steel  band  passing  over  rollen 
at  the  top  and  bottom  of  a  wooden  rod.  The  graduation  is 
painted  on  the  band  to  correspond  to  that  of  a  self-reading  rod, 
but  re^ds  downward  instead  of  upward.  In  using  the  rod  the 
band  is  set  for  every  backaght  by  moving  it  until  the  graduation 
mark  which  corresponds  to  the  elevation  of  the  point  on  which 
the  rod  is  held  comes  into  the  line  of  sight.  For  example,  if  the 
elevation  of  the  point  where  a  backsight  is  taken  is  94.S3,  the 
band  is  moved  until  the  4.83-mark  comes  into  the  line  of  sigfit 
If  now  the  rod  is  held  on  any  other  point,  the  line  of  sight  wiH 
strike  the  tape  at  a  graduation  mark  corresponding  to  the  de- 
vation  of  that  point,  provided  the  tape  has  not  been  disturbed 
between  the  backsight  and  foresight.  Thus  elevations  are  read 
directly,  and  the  backsight  and  foresight  coliuniis  are  entirely 
eliminated  from  the  level  notes.    This  form  of  rod  is  very  use- 
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f  ul  in  taking  topography  and  in  cross-aoction  work.  Hods  made 
according  to  the  same  general  principle  are  described  in 
Engineering  News,  Sept.  13,  1900,  and  March  12»  1903. 

(c)  The  plumbing-level  consists  of  a  round  level  via!  which 
may  be  held  against  the  rod  or  fastened  to  it.  It  is  used  for 
determining  when  the  rod  is  perpendicular,  and  adds  greatly 
to  the  accuracy  of  the  work.  Some  such  device  should  always 
be  used  in  work  of  great  precision. 

574.  Stadia  Rods  are  of  two  Idnds;  target  and  self-reading. 
The  former  has  two  targets  both  of  which  must  be  set  for  every 
sight  taken.  It  may  be  slightly  more  accurate,  but  it  is  far 
less  convenient  than  the  sdf-reading  rod,  and  is  seldom  used  in 
ordinary  work.  It  is  sometimes  used  for  exceptionally  long 
sights. 

There  is  a  large  variety  of  self-reading  stadia  rods  in  com- 
mon use.  Many  engineers  prefer  to  graduate  their  own  rods, 
using  the  pattern  l)e8t  suited  to  their  work.  All  of  the  rods  in 
Fig.  574  are  graduated  with  the  foot  as  a  unit.  Hods  No.  1 
and  No.  5  are  often  graduated  with  the  meter  as  a  unit.  In 
Fig.  574  the  spaoe  between  the  top  and  bottom  dotted  lines 
corresponds  to  10  ft.  on  the  ground,  while  each  of  the  small 
spaces  between  the  dotted  lines  oorreqxmds  to  2  ft.  on  the 
groimd. 

The  first  two  rods  are  suitable  for  long  sights,  the  last  three 
for  short  sights.  The  difference  in  accuracy,  however,  is  not  as 
great  as  at  first  appears,  for  distances  can  be  estimated  on  the 
first  two  rods  almost  as  closely  as  they  can  be  read  on  the  last 
three.  Moreover,  the  large  number  of  subdivisions  on  each  of 
the  last  three  rods  leads  to  confusion  in  counting  the  marks  in- 
cluded between  the  stadia  wires. 

Whatever  pattern  is  used  there  should  be  sufficient  white 
background  at  any  point  on  the  rod  to  make  a  stadia  wire  eover- 
ing  that  point  very  clear  and  distinct  to  an  observer  looking 
through  the  telescope.  Hods  No.  1  and  No.  5  (U.  S.  Coast 
and  Geodetic  Survey  rods)  and  rod  No.  4  (described  by  Mr.  T.  J. 
McMinn  in  Engineering  News,  Oct.  22,  1896),  are  excellent 
in  this  respect,  while  rod  No.  2  is  defective  at  those  points 
where  the  black  spaces  so  nearly  cover  the  width  of  the  rod. 
Rod  No.  2  was  used  on  the  Oswego-Mohawk  Ship  Canal  Survey, 
but  the  width  of  the  rod  was  somewhat  greater  In  proportion 
to  the  size  of  the  black  spaces  than  that  showiv  lev  \]^<^  ^w\>« 
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(o)  Dirrctitna  for  making  stadia  rait.    The  rod  should  be  from  4  to  II 
inchea  wide,  about  }  inch  thick,  and  from  10  to  14  ft .  long,  made  of  stni^t- 

^eoed  ucure^'^  rach  edge  and  projecting  xllentl^'ia  front  of  ths  b» 
serves  lo  eliffen  the  rod  and  also  proteela  the  anidiiatum.  If  the  nids  Mrin 
sro  left  off.  the  cornera  should  be  roundeil  slignily.  and  a  stiffeiuDg  ativ 
about  U"  tliick  by  )"  sereweri  to  the  back.  Fot  proiection  and  mnvenienee 
in  tranBportatioD,  eotne  eB^iDeers  prefer  nrda  hinged  at  thenuddle,  bo  that 
the  upper  and  lover  halvee  may  be  folded  together,  faces  inv  '  ' 
shoe  may  be  screwed  to  the  bottom  of  the  rod  and  tiiin  metai 
platee  fastened  on  the  back  at  the  top  and  bottom. 
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iro  good  eoata  of  white  painl  should  be  dren  the  rod;  fl  b 

bing  each  coat  dunn  Dftrr  il  is  dr^'to  a  smooth  dull  Golili. 
:o  be  orailuated  to  miit  a  fixed  stadia  mlerval,  the  unit  of  l^ctb 
rn\ia^\  by  the  metliod  eiplsined  on  page  304.  Ordinarily. 
rod  is  divided  into  feet  and  fntlVB.  ot  into  meten  and  dm- 
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meters,  by  means  of  a  scale,  besimiing  about  3  inches  from  the  bottom.  The 
pattern  should  be  first  penciled,  then  ruled  with  a  right-line  pen  filled  with 
paint  and  finally  filled  in  with  a  camel's-hair  brush.  A  diul  black  paint 
may  be  used  throughout,  although  some  engineers  prefer  to  emphasise 
certain  division-marks,  as.  for  example,  the  even  foot-marks,  by  painting 
them  red.  Sometimes  such  marks  are  numbered,  but  it  is  doubtfm  if  this 
is  of  any  advantage.  If  desired  the  whole  rod  may  be  coated  with  a  dur- 
able, elastic  varnish  rubbed  down  to  a  dull  finish.  The  rod  should  be  allowed 
to  dry  thoroughly  before  using. 

575.  The  Surveyor's  Compass  in  its  simplest  form  is 
moimted  on  a  single  staff,  but  in  its  usual  form  it  is  mounted 
on  a  tripod.  The  upper  part  consists  of  a  horizontal  arm  having 
two  uprights  or  sight  vanes,  with  a  compass-box  between  them. 
There  are  various  devices  for  attachii?g  this  upper  part  to  the 
tripod,  such  as  a  ball-and-socket  joint,  a  Icveling-head  simi- 
lar to  that  used  on  transits,  and  in  some  instruments  a  com- 
bination of  the  two.  The  needle  should  be  so  sensitive  that 
when  it  is  attracted  to  one  side  by  a  piece  of  iron  held  a  foot 
or  so  away  it  will  settle  in  its  original  position  several  times  in 
succession.  Sensitiveness  depends  upon  the  sharpness  and  per- 
fect form  of  the  pivot,  the  form  and  smoothness  of  the  cup,  the 
shs^^e  and  balance  of  the  needle,  and  the  strength  of  its  mag- 
netism. A  good  needle  properly  charged  does  not  often  lose 
its  magnetism,  and  hence  in  the  majority  of  cases  a  sluggish 
needle  is  due  to  the  dulling  of  the  pivot-point,  or  to  the  scratch- 
ing of  the  cup.  As  it  is  difficult  to  sharpen  a  pivot,  special 
precautions  should  be  taken  to  avoid  dulling  it,  such,  for  ex- 
ample, as  lifting  the  needle  off  the  pivot  when  not  in  use.  (See 
p.  294.)  The  extreme  ends  of  the  needle  should  come  close  to 
the  graduated  circle  and  should  lie  in  the  same  plane  with  it  to 
avoid  parallax  in  reading.  The  center  of  the  needle  and  the  two 
ends  should  lie  in  the  same  vertical  plane,  so  that  if  the  pivot 
is  in  the  center  of  the  graduated  circle  the  readings  of  the  two 
ends  of  the  needle  will  agree.  The  magnetic  axis  of  the  needle 
should  coincide  with  its  geometric  axis.  The  plane  passing 
tlirough  the  slits  of  the  sight  vanes,  in  which  the  line  of  sight  is 
contained,  should  pass  through  the  zero-points  of  the  graduated 
circle  and  be  at  right  angles  to  the  plane  of  this  circle.  The 
above  are  the  most  important  requirements  for  a  good  compass; 
most  of  them  depend  wholly  upon  the  process  of  manufacture, 
while  a  few  may  be  met  by  proper  adjustment  of  the  instrument. 
(See  p.  602.) 

(a)  Special  forms  of  compasses.  When  the  plain  compass 
described  above  has  a  movable  vernier  for  BettVug  o^  XX:^^  xi^aj^- 
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(ijtic  declination  it  is  called  a  vernier  compass.  The  prismatic 
con/pass  used  for  less  accurate  work  has  a  triansnilar  glass  prism 
and  a  mirror  by  means  of  which  the  needle  may  he  read  at  tlie 
same  time  that  a  sight  if:  taken;  this  is  an  advanta'^  when  the 
instrument  is  held  in  the  hand  instead  of  being  mounted  on  a 
Jacob's-staff  or  a  tripod.  Compasses  are  sometimes  provided 
with  a  graduation  for  reading  angles  independently  of  the  needlsi 
but  the  precision  which  can  be  obtained  with  open  sights  la 
hardly  sufficient  to  warrant  this.  Telescopes  sometimes  replace 
the  open  sights,  but  if  the  work  is  of  such  a  nature  as  to  requiie 
a  telescope,  it  is  better  to  use  a  light  transit  in  place  of  the  com* 
pass.  The  solar  compass,  formerly  used  in  land  surveyB  for 
determining  the  true  meridian  by  an  observation  on  the  sun, 
has  now  been  replaced  almost  entirely  by  the  solar  attachment 
on  the  transit  which  is  constructed  on  the  same  general  prin- 
ciples.    (See  Appendix  I.) 

(h)  Tests  for  the  compass.  (1)  Stretch  a  fine  thread 
through  the  two  sight  vanes.  The  north  and  south  points  of 
the  graduated  circle  and  the  zero  of  the  declination-arc  vernier 
^should  be  cUrectly  underneath  this  thread.  (2)  Test  the  sen- 
sitiveness of  the  needle  to  see  if  it  will  settle  several  times  in 
succession  at  the  same  reading  after  being  attracted  to  one 
side.  (3)  By  means  of  a  transit  set  stakes  about  200  ft.  from 
a  station  at  angular  intervals  of,  say,  30°  imtil  a  circle  is  com- 
pleted. Set  the  compass  over  the  station  and  sight  at  each 
stake  in  succession,  noting  the  needle  readings.  If  at  any 
point  the  change  in  the  needle  reading  is  not  30**  from  that 
of  the  preceding  reading,  and  if  all  sources  of  attraction  outside 
of  the  compass  have  been  carefully  removed,  it  is  probable  that 
the  metal  of  the  compass-box  contains  some  magnetic  substanoey 
as,  for  example,  iron  mixed  with  the  brass.  If  a  compass  has  a 
long  declination  arc  and  vernier,  the  transit  may^  be  dispensed 
with  in  the  above  test,  the  angles  being  turned  off  by  meam 
of  the  vernier. 

576.  The  Plane-table.  A  complete  plane-table  oonsiflU 
of  a  drawing-board  mountefl  on  a  tripod  and  an  alidade  consiBt- 
ing  of  a  thin  flat  straight-edge  upon  which  is  mounted  atel^ 
scope  and  vertical  arc. 

The  hoard  varies  in  size  from  15"X15"  for  a  traverse  board 

vp  to  24"X30"  for  a  regulation  plane-table.     It  should  be  con* 

strutted  so  that  it  will  not  vrarp  9kxvd  its  upper  surfaoe  sbouH 
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looth  plane,  two  conditions  difficult  to  fulfil.  There  are 
devices  for  fastening  the  paper  to  the  board,  of  which 
icks  are  perhaps  the  best.  (See  393  (3),  p.  327.) 
Irawing-board  is  connected  to  the  tripod  by  a  mechanism 
upports  the  board,  yet  leaves  it  free  to  revolve  in  a  hori- 
)lane.  If  the  diameter  of  this  support  is  small  the  board 
'  to  be  unstable,  while  if  the  diameter  is  large  the  instru- 
likely  to  be  heavy  and  cumbersome.  The  maximum  of 
and  strength  is  probably  obtained  by  the  use  of  radiating 
hich  support  the  board.  For  ordinary  work,  however, 
ir  and  more  portable  instrument  with  a  quick  leveling 
Is  desirable.  An  excellent  form  is  that  adopted  by  the 
Geological    Survey    and    known    as    Johnson's    plane- 

LiDADE.  The  telescope  should  be  equal  to  that  on  an 
■f  transit.  As  vertical  smgles  are  frequently  of  great 
.nee  in  plane-table  work,  the  diameter  of  the  vertical  arc 
be  large  and  the  sensitiveness  of  the  bubble  should  be  in 
ion,  as  pointed  out  in  the  specifications  for  a  transit 
.  The  axis  of  the  telescope  should  be  parallel  to  the 
the  metal  straight-edge. 
.CCE880RIES.  A  small  compass-box,  sometimes  called  a 
jTf  is  required  for  determining  the  magnetic  meridian. 
3r  leveling  the  board  are  also  required.  Sometimes  they 
iched  to  the  ruler  of  the  alidade,  sometimes  they  are 
;d  with  the  compass-box.  A  plumbing-bar  is  occasion- 
[uired  and  should  be  furnished  with  the  instrument, 
^-instruments,  scale,  etc.,  a  water-proof  cover,  a  case  for 
ving-paper,  and  a  sunshade  complete  the  outfit. 
RA VERSE  BOARDS  are  small  plane-tables  used  for  rough 
uch  as  sketching  in  contours  in  topbgraphic  surveys. 
)  of  the  telescope  two  slotted  uprights  or  open  sights  are 

ESTS  FOR  PLANE-TABLE.  The  edge  of  the  ruler  which 
le  base  of  the  alidade  should  be  straight.  (See  test  for 
-edge,  p.  438.)  To  see  if  the  upper  surface  of  the  board 
ne  lay  a  straight-edge  on  it  in  all  directions.  If  it  is 
ittle  out  it  may  be  scraped  or  planed  down,  and  then 
d  with  sandpaper. 

The  Sextant.  The  distinguishing  characteristic  of 
;ant  is  the  arrangement  of  mirrors,  'wbiiiYi  «ii«Xi\e»  \i>fta 
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observer  to  sight  at  two  difTerent  objects  simvlianeaudyp  and 
thus  to  measure  an  angle  at  a  single  observation.  While  other 
instruments  must  be  kept  stationary  during  the  time  between 
the  backsight  and  the  foresight,  the  sextant  m&y  be  held  in 
the  hand,  since  the  two  sights  are  taken  at  the  same  time,  and 
horizontal,  vertical,  or  inclined  angles  may  be  measured  veiy 
accurately  even  though  the  instnunent  is  in  motion.  F<^  thiB 
reason  the  sextant  is  used  f  Dr  observations  at  sea.  In  surveying 
i!}  is  used  for  measuring  angles  from  a  boat  to  points  on  daan 
when  locating  soundings,  buoys,  etc.,  by  the  method  shown  in 
Fi^.  197,  p.  137;  it  is  also  used  in  reconnaissance  work,  ex^dorar 
tions,  geological  surveys,  and  for  solar  observations. 

(a)  To  MEASURE  A  HORIZONTAL  ANGLE.  In  Fig.  577  (a) 
let  B  represent  the  mirror  or  index-glass  which  is  rigidly  attadied 

to  the  vernier  arm  BH,  Let  C 
represent  the  horizan-glaaSf  the 
lower  portion  of  which  is  a  miiror, 
and  the  upper  portion  clear  ^asa 
The  colored  glasses  may  be  turned 
back  out  of  the  way  except  when 
making  observations  on  the  sun, 
when  they  will  be  needed,  to  pro- 
tect the  eye.  ITsually  three  eye- 
pieces are  furnished:  one  for  or- 
dinary terrestrial  work,  one  for 
astronomical  work,  and  one  with- 
out magnifying  power. 

liCt  A  and  D  be  the  two  points 
sighted  at,  and  E  the  eye  of  the  observer;  then  the  angle  required 
uAED. 

(1)  Holding  tMb  sextant  in  one  hand  by  the  handle  imdei^ 
neath,  bring  the  plane  of  ths  graduated  arc  JK  into  the  fdane 
o   the  eye  and  the  two  points  A  and  D. 

(2)  Sight  through  the  upper  portion  (clear  glass)  of  the  hori- 
zon-glass C  directly  at  D  and  swing  the  vernier  arm  BH  (thus 
turning  the  index-glass  B)  until  the  image  of  A  reflected 
from  B  to  the  lower  half  (mirror)  of  C  appears  superimposed 
upon  D. 

(3)  Clamp  the  vernier  and  by  means  of  the  tangent-screw 
bring  the  imagt^  of  A  and  D  into  exact  coincidence. 

(4)  Read  the  vernier.    The  reading  is  the  angle  AED,  bat 
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these  three  points  Ue  in  a  horizontal  plane  the  angle  is 
irue  horizontal  angle.  In  most  cases,  however,  where  the 
t  would  be  used,  the  difference  between  the  angle  and  its 
ital  projection  would  be  a  negligible  quantity. 

'ractuxU  suggestions.  (1)  It  is  a  little  difficult  at  first  to  bring  the 
iges  into  coincidence,  especially  if  the  observer  is  in  a  boat,-  where 
•unt  of  the  unsteady  motion  it  may  be  necessary  to  make  quick 
tions.     In  such  a  case  it  is  often  best  to  dispense  with  the  use  of  ihe 

altogether:  simply  place  the  eye  at  the  center  of  the  ring  from 
he  eyepiece  has  been  removed  and  proceed  as  if  looking  through 
ope.  This  is  a  good  way  in  which  to  become  accustomed  to  the 
he  sextant,  and  it  will  be  found  that  angles  can  be  measured  by 
thod  with  surprising  accuracy.  (2)  Sight  through  the  telescope 
at  the  fainter  object,  so  that  the  brighter  object  will  be  the  one 
I.  To  do  this  it  may  be  necessary  to  hold  the  sextant  upside  down, 
not  try  to  hold  the  images  still  in  the  field  of  view,  but  find  the 
sitisn  of  the  vernier  arm  by  a  series  of  observations,  twisting  the 
>  produce  a  regular  oscillating  motion,  and  noting  the  relation  of 
$cted  image  to  the  direct  image  as  they  come  together.  (4)  The 
g  screw  that  moves  the  telescope  to  or  from  the  plane  of  the  arc 
le  pumose  of  centering  the  two  images   and  making  them  equally 

(5)  Keep   the  fingers  ofT  the   graduation,  as  it   tarnishes  easily. 

defp'ees  on  the  arc  are  numbered  to  correspond  to  twice  their 
hat  18,  each  degree  is  marked  two  degrees,  etc.,  as  explained  below. 
:tant  is  so  called  because  the  arc  is  about  60°  long,  but  angles  may 
sured  to  120°  or  more.  (7)  The  index  correction  should  be  deter- 
\&  accurately  as  the  angle  is  to  be  measured.     (See  p.  606.) 


V^ERTiCAL  ANGLES  may  be  measured  by  holding  the  sex- 
)  that  its  arc  lies  in  a  vertical  plane.  In  observations  on 
n  an  artificial  horizon,  such  as  a  shallow  box  of  mercury, 
I;  the  image  of  the  sun  in  this  reflecting  surface  and  the 
elf  are  the  two  objects  sighted  at,  the  resulting  angle  being 
uhU  altitude  of  the  sun. 

The  theory  of  the  sextant.     If  a  ray  of  light  is  re- 
successively  from  two  plane  mirrors  the  angle  between 
3t  and  last  directions  of  the  ray  is  twice  the  angle  l^etween 
ines  of  the  two  mirrors. 


.  In  Fig.  577  (a)  let  FG  and  CG  be  drawn  perpendicular  to  the 
3f  {he  mirrors  B  and  C  respectively.  Let  the  rav  from  A  be  de- 
\t  B  to  C^  and  again  at  C  to  £7.  Since  the  angle  of  incidence  equals 
^e  of  reflection, 

ABF^FBC     and     BCG^GCE; 
also  by  geometry  BGC  =  CHB. 
BEC  =  180°  -  EBC-BCE=  ABC -BCE. 
BGC  =  1 80°  -  GBC  -  BCG  =  ^ABC  -  iBCE. 
:.  BEC  =  2BGC='2CHB. 


1  the  mirrors  are  brought  into  parallel  planes  CHB  becomes  Bero 
ice  the  angle  AED  will  be  zero,  i.e.  the  rays  from  A  axxd  D  «x«  ^va- 
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allel.*  This  gives  the  position  of  the  arm  for  a  reodinc  of  0^.  If  tlie  ain 
U  moved  to  any  point  as  H,  the  zero  of  the  vernier  will  move  over  the  ait 
an  angular  distance  equal  to  the  angle  between  the  mirrora,  which,  M 
shown  above,  is  one  half  of  the  required  an^e  BEC  or  ABJj.  For  Ukt 
reason  the  arc  is  numbered  to  give  at  once  the  angle  required  at  E,  IjC 
each  degree  is  counted  as  twice  its  real  value. 

*  A  ray  which  comes  from  any  point  to  the  eye  throuish  the  lioriioe* 
glass  is  not  strictly  parallel  to  a  ray  from  the  same  point  comins  to  iht 
eye  indirectly  by  reflection,  since  the  index-glass  is  sevc^ral  inches  mit  oif 
the  direct  line  of  sight,  but  for  sights  more  than  1000  ft.  the  error  iroold 
not  exceed  from  30  to  40  seconds  (see  table*  p.  106)«  and  for  ti^tm  of  a 
ivile  or  moro  it  is  inappreciable. 


t 

0 

a 


CHAPTER  XLVI 


ADJUSTMENTS 

Trb  actual  work  of  adjusting  a  surveying  in:strament  is  comparatiyely 
simple  and  easy  once  the  reasons  for  tlie  various  steps  are  clearly  under- 
stood. If.  on  the  other  hand,  the  reasons  are  not  clear,  and  the  student 
is  content  simply  to  follow  directions  such  as  those  printed  in  catalogs  of 
instruments,  he  is  not  likely  to  work  intelligently  or  to  gain  confidence  in 
his  ability  to  adjust  an  instrument.  The  aim'  in  this  chapter,  therefore, 
is  to  lead  the  stud^it  to  a  thorough  understanding  of  fundamental  prin- 
ciples, so  that  if  he  forgets  the  methods  and  order  of  adjustments  (as  he 
almost  surely  will)  he  will  be  aT)le  to  reason  them  out  for  himself  instead 
of  relying  upon  his  memory  or  upon  printed  directions. 

The  adjustments  explained  are  those  of  the  transit,  the  level,  the  com- 
pass, the  plane-table,  and  the  sextant. 


578.  Why  Adjustments  are  Necessary.  Wlien  an  instru- 
ment leaves  the  hands  of  the  maker  it  should  be  in  complete 
adjustment.  There  are  certain  parts,  however,  which  are 
likely  to  be  deranged  by  accident  or  by  continuous  use.  Accu- 
rate work  can  often  be  done  with  an  instrument  out  of  adjust- 
ment, provided  certain  methods  of  eliminating  errors  are  fol- 
lowed, as  for  example,  the  method  of  double  reverse,  page  92, 
but  such  methods  involve  extra  labor,  and  hence  it  saves  time 
to  keep  an  instrument  in  adjustment.  Moreover,  there  are  some 
errors  which  cannot  be  eliminated  except  by  adjusting  the 
instrument.  A  good  instrument  will  sometimes  stay  in  adjust- 
ment for  months,  nevertheless  all  instruments  should  be  tested 
frequently.  In  accurate  leveling,  for  instance,  the  level  should 
be  tested  at  least  on^e  a  day.  The  more  accurate  the  instru- 
ment and  the  more  exacting  the  requirements  the  more  atten- 
tion should  be  paid  to  the  adjustments.  No  man  therefore  is 
a  competent  surveyor  who  is  unable  to  adjust  his  instruments. 

579.  Qene'ral  Susgestions.  The  following  suggestions  apply 
to  the  adjustment  of  all  surveying  instruments:  (1)  For  each 
instrument  there  are  usually  several  adjustments.  Each  adjust- 
ment consists  of  two  steps:  first  a  test  to  determine  the  error 
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and  then  the  correction  of  this  error  by  tumin§^  certain  adjusting- 
screws  or  nuts.     In  most  cases  this  is  done  by  inserting  an  adjust- 
ing-pin,  hence   the   terms,    capstan  screws   and   capstan  nuts. 
(2)  The  adjusting-pin  should  fit  snugly  into  t^e  hole,  otherwise 
the  holes  will  become  worn  and  out  of  shape.     In  an  emergency 
a  wire  nail  can  be  used.     (3)  If  all  of  the  adjustments  are  badly 
out,  do  not  perfect  the  adjustments  one  at  a  time,  but  rather 
bring  the  whole  instrument  to  a  nice  adjustment  by  repeating 
the  entire  series  as  many  times  as  may  be  noccssary.     This  is 
because  the  adjustment  of  one  part  may  affect  some  other  part 
already  adjusted.     Hence  the  final  step  in  the  adjuUmeni  of  any 
instrument  is  to  test  each  adjustment  to  see  that  none  has  been  dis- 
turbed.    For  this  reason  select  a  p'ace  whcire  the  adjustments 
may  be  made  in  succession  without  disturbing  the  instrument. 
(4)  In  making  any  one  adjustment  the  test  and  correction  should 
be  repeated  a  number  of  times.     It  will  save  time  not  to  split 
hairs  during  the  early  part  of  the  adjustment,  but  the  more 
nearly  the  adjustment  is  perfected  the  more  carefully  it  should 
be  made.     (5)  An  instrument  will  stay  in  adjustment  longer 
if  screws  and  nuts  are  left  in  perfect  conta<Jt  with  the  surfaces 
against  which  they  opel-ate.     For  example,  after  a  screw  has 
conie  to  bearing,  a  slight  turn  of  the  adjusting-pin  of,  say,  20** 
will  **set"  it  so  that  it  is  not  easily  disturbed.     Undue  strain 
however  should  be  avoided.     (6)  Before  attempting  to  adjust 
cross-heirs  study  carefully  the  note  on  page  550  and  the  photo- 
graph on  page  551.     Tightening  the  capstaa  screws  which  move 
the  cross-hair  ring  does  not  affect  the  tightness  of  the  cross-hairs, 
but  if  too  tight  the  whole  telescope  may  be  affected.     If  one 
pair  of  screws  is  fastened  tightly  while  the  other  '^air  at  right 
angles  is  being  turned,   imdue  strain  may  be  brought  on  the 
first  pair  if  the  adjustment  is  considerable.     In  such  a  ease 
loosen  all  four  screws  slightly  before  working  either  pair.     (7)  In 
adjusting  cross-hairs  take  the  least  important   first,  i.e.,  (he 
horizontal  hair  in  a  transit  telescope  and  the  verticil  hajr  in  the 
telcf.cope  of  a  level.     (8)  In  this  book  the  line  between  the  inter- 
section of  the  cross-hairs  and  the  center  of  the  object-^ass  is 
called  the  line  of  sight.     A  distinction  is  made  between  this 
line  and  the  line,  of  coUimation  (see  p.  553),  with  which  it  may 
or  may  not  coincide.     (9)  If  after  adjusting  an  instrument  the 
intersection  of  the  cross-hairs  does  not  appear  to  be  in  the 
center  of  the  field  of  vision,  the  eyepiece  probably  needs  "cea- 
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tering"  (see  page  601).  (lO)  Eliminate  parallax  (see  p.  555). 
(11)  It  is  well  to  set  up  the  instrument  in  the  shade  during 
adjustment.  This  is  especially  true  of  the  level,  as  a  bright  suu 
affects  the  bubble. 

580.  The  Method  of  Reversion.  Every  adjustment  depends 
upon  the  method  of  reversion,  i.e.,  the  adjustment  is  tested  by 
reversing  the  instrument,  or  some  part  of  it,  so  that  an  error 
will  become  apparent;  this  apparent  error  is  double  the  true 
error,  because  reversion  simply  places  the  error  as  much  to  one 
side  as  it  was  on  the  opposite  side  before  reversion.  This  will 
become  evident  as  the  adjustments  are  explained.  The  thing 
to  remember  is  that  a  single  reversion  doubles  the  error. 


'Horizontal 

--  o 


Fig.  a 


Fig.  6 
Fig.  680  (a). 
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(a)  JUuatrabion.  The  reversion  of  the  bubble-tube,  end  for  end,  is  an  excd- 
lent  illustration  of  theinethod  of  reversion.  Moreover,  since  it  is  the  baois 
of  three  of  the  six  principal  adjustments,  it  is  worth  while  to  understand 
it  perfectly. 

In  Fig.  a  let  the  bubble  be  in  the  center  of  the  tube — its  axis  bn  must 
therefore  be  horizontal — but  let  th^  supports  u  and  v  be  of  unequal  length. 
Then  any  surface  as  aCj  upon  which  the  supports  rest,  cannot  be  level,  but  a 
will  be  higher  than  c,  since  u  is  shorter  than  v.  Suppose  that  it  is  desired 
to  bring  the  axis  of  the  bubble  bn  parallel  to  the  surface  ac  by  making 
the  supports  u  and  v  of  egual  length;  this  is  equivalent  to  making  bn  coin- 
cide with  some  line  bt  which  has  the  same  inclination  e  with  the  horizontal' 
that  <ic  has.  This  error  e,  which  is  to  be  corrected,  is  above  the  required 
line  bt.  Keep  the  surface  ac  stationary,  but  fake  the  bubble-tube  off,  and 
reverse  it  end  for  end  (Fig.b) .  The  supports  u  and  v  being  attached  to  the  tube, 
and  their  lengths  as  yet  b?ing  unchanged,  the  new  axis  of  the  bubble  60 
still  makes  the  angle  e  with  ac  and  6^  but  is  below  bt  instead  of  above.  ^  In 
other  words,  reversion  lias  simply  placed  the  error  on  the  opposite  side, 
and  the  total  error  e  +  e'  —  2e  i««  double  the  true  error.  To  correct  the  error 
tnerefore  change  the  lengths  of  the  supports  u  and  v  until  the  bubble  moves 
HALF-way  back  to  the  center;  60  will  then  coincide  with  bt,  and  m  and  v 
will  be  of  equal  lengths.  If  now  the  surface  ac  is  made  horizontal  (Fig.  c), 
the  bubble  will  return  to  the  center  and  its  axis  bo  will  be  horizontal. 

(6)  Let  the  bubble-tube  be  attached  to  the  surface  ac  by  supporting 
screws  u  and  v,  and  let  this  surface  be  revolved  on  a  spindle  s.  It  is  evi- 
dent that  if  the  axis  of  this  spindle  is  at  right  angles  to  ac  the  inclination 
of  ac  cannot  chanae  durina  revolution,  and  that  if  the  surface  is  revolved 
through  180°  the  bubble-tube  will  be  turned  end  for  end  just  the  same  as  if 
it  had  been  taken  off  and  reversed.-  Hence  m  this  case  the  reasomtv^ 
and  the  conclusions  of  the  preceding  paragraph  still  VvoVd  e^ood.    \\.  N^  Xa 
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be  noted  that  before  adjustment  (Figs,  a  and  h)  the  axifl  of  i!tc  ^ndlfl 
is  inclined;  after  adjustment  (Fig.  c)  it  is  vertical. 

Remark.  If  the  axis  of  the  spindle  is  not  perpendicular  to  ae  re^eraloo 
and  correction  will  still  bring  the  axis  of  the  bubble  perpendicular  to  the 
axis  of  the  spindle. 

581.  AdJUdtments  of  the  Transit.  The  principal  lines 
to  be  considered  in  the  adjustment  of  the  transit  are:  (1)  The 
line  of  sight  (see  p.  553).  (2)  The  axis  of  the  bubble  in  each 
plate-level  (see  p.  544).  (3)  The  supporting  axis  of  the  tele- 
scope. (4)  The  vertical  axis  through  the  spindles.  (5)  The 
axis  of  the  bubble-tube  attached  to  the  telescope. 

The  principal  adjustments  are  five  in  number,  the  first 
three  of  which  should  always  be  made;  the  last  two  are  necessary 
only  when  the  transit  is  used  for  measuring  vertical  angles  or 
for  leveling: 

I.  The  adjustment  of  the  plate-levels,  so  that  the  plates  shall  He 
in  a  horizontal  plane  when  each  bubble  is  in  the  center  of  its 
':ube. 

II.  The  adjustment  of  the  cross-hairs,  so  that  the  line  of  sight 
shall  revolve  in  a  plane  when  the  telescope  is  turned  on  its  sup- 
porting axis. 

III.  The  adjustment  of  the  standards,  so  that  the  line  of  sight 
shall  revolve  in  a  vertical  plane  when  the  first  two  adjustments 
have  been  made  and  the  transit  is  leveled  up. 

IV.  The  adjustment  of  the  telescope  level,  so  that  the  axis  of  the 
bubble  shall  be  parallel  to  the  line  of  sight. 

V.  The  adjustment  of  the  vertical  circle,  so  that  its  vernier  shall 
read  zero  when  the  line  of  sight  is  horizontal. 

The  relative  importance  of  adjustments.  (1)  The  first 
adjustment  is  important  in  all  transit  work.  (2)  The  second 
is  important  in  work  which  involves  plunging  the  telescope. 
(3)  The  third  is  important  in  the  measurement  of  horizontal 
angles  between  points  which  differ  considerably  in  elevation. 
Such  measurements  are  also  affected  to  some  extent  by  the  first 
two  adjustments.  (4)  The  fourth  adjustment  is  necessary  when 
the  transit  is  used  as  a  level.  (5)  The  fifth  adjustment  is  not 
essential,  but  it  facilitates  the  reading  of  vertical  angles. 

I.  Adjustment  of  the  plate- levels.  Object,  To  make  the 
axis  of  each  bubble  parallel  to  the  plate  to  which  the  bubble- 
tubes  are  attached,  so  that  when  each  bubble  is  in  the  center 
3f  its  tube  the  plate  shall  be  truly  horizontal.  This  is  eqiiiv»- 
lent  to  bringing  the  axes  o!  the  bubbles  perpendicular  to  the 
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axis  of  the  spindle  upon  which  the  plat,e  turns,  provided  this 
axis  has  been  made  by  the  instrument-maker  perpendicular  to 
the  plate.* 

Test.  The  final  test  is  to  see  that  each  bubble  comes  to  rest 
fn  the  center  of  its  tube  when  the  plate  is  turned  on  its  spindle 
to  any  position  from  0**  to  360®.  During  adjustment,  however, 
repeated  tests  for  each  bubble  are  made  as  follows: 

(1)  Level  up  and  bring  the  bubble-tube  parallel  to  two  diag- 
onally opposite  leveling-screws. 

(2)  Turn  tlie  plate  half-way  around  until  the  bubble-tube  if 
parallel  to  the  same  pair  of  screws,  but  reversed  end  for  end. 
If  the  bubble  does  not  come  to  rest  at  the  center  the  tub^  needs 
adjusting. 

Correction,  (1)  Bring  the  bubble  half-way  back  to  tlie  cen- 
ter of  its  tube  by  turning  one  and  then  the  other  of  the  capstan 
screws  which  support  the  ends  of  the  tube.  (2)  Bring  it  the 
rest  of  the  way  (i.e.,  to  the  center)  by  leveling  the  plate  with  the 
leveling  thumb-screw^s.  (3)  Repeat  the  test  and  the  adjust- 
ment imtil  the  bubble  remains  in  the  center  when  the  plate  is 
turned  half-way  around.  (4)  Adjust  the  otlier  bubble-tube  in 
like  manner.  (5)  Apply  the  final  test  of  turning  the  plate  com- 
pletely around  from  0°  to  360''. 

Principle  involved.  The  reason  why  the  bubble  is  brought 
half 'W&y  back  after  reversion  is  explained  in  Art.  580,  p.  583. 

Practical  suggestions.  (1)  Set  up  the  transit  so  that  it  is  firm.  If  a 
place  is  chosen  where  a  SOO-ft.  sight  can  be  taken  each  way,  and  where 
the  telescope  caa  be  directed  to  some  liigh  point,  all  four  of  the  remaining 
adjustments  can  be  made  without  disturbing  the  instrument.  (2)  It  is 
better  to  clamp  the  lower  plate  and  to  aUow  the  upper  plate  to  remain  un- 
damped throughout  the  adjustment.  When  tlie  nnal  test  is  satisfactory, 
clamp  both  plates  together,  loosen  the  lower  clamp,  and  turn  the  two  plates 
completely  aroimd;  both  bubbles  should  remain  in  the  centers  of  their 
tubes;  if  they  do  not  it  shows  that  the  axes  of  the  inner  and  outer  spindles 
(see  photograph,  p.  665)  are  not  parallel,  a  defect  best  remedied  by  the  maker. 
If  the  axes  are  not  parallel  no  error  will  be  caused  in  the  measurement 
of  horizontal  angles  unless  they  are  measured  by  repetition,  provided  the 
I^ate-levels  are  adjusted  perpendicular  to  the  axis  of  the  inner  spindle. 
(3)  If  the  bubbles  are  not  badly  out  both  may  be  adjusted  simultaneously, 
taking  care  to  reverse  one  tube  parallel  to  one  pair  of  levelingl-screwa  and 
the  other  tube  parallel  to  the  other  pair.  (4)  It  will  often  si&ce  to  turn 
one  capstan  screw  only,  lowering  slightly  the  end  of  the  tube  where  the 

—  ■  -  —  -  -  I 

*  If  the  axis  of  the  spindle  is  not  perpendicular  to  the  plate  the  adjust- 

Dlent  of  the  plate-levels  does  not  in  any  way  involve  the  horizontality  of 

the  plat«.     For  this  reason  it  is  more  correct  to  consider  the  relation  of 

the  plate-levels  to  the  vertical  cucis,  ignoring  the  plate  altogether      For  the 

*^ke  of  clearness,  however,  it  is  better  to  consiaer  the  parallelism  of^  the 

Wate-levels  to  the  plate  as  the  real  object  of   the  adjustment,  especially 

<^  the  vertical  axis  is  so  nearly  perpendicular  to  the  plate  iu  iVv^  ot^wawra 

^ttinsit  that  the  error  is  inappreciable. 
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bubble  lies,  or  raisins  the  other  end.  (6)  Taming  a  capstan  .^cnm  dodb* 
wise  screws  it  into  the  plate  and  therefore  lowers  the  correepondinc  cm 
of  the  tube;  counter-clockwise  unscrews  the  screw  and  raises  the  end  si 
the  tube. 

II.  Adjustment  of  thb  cross-hairs.  This  adjustment 
consists  of  two  steps:  (1)  adjustment  of  the  horizontal  hair  and 
(2)  adjustment  of  the  vertical  hair.  The  former  afifects  only 
leveling  operations  and  measurements  of  vertical  angles,  wfaib 
the  latter  affects  all  transit  work, -especially  that  in  which  the 
telescope  is  plunged.  The  adjustment  of  the  horizontal  hair 
is  often  overlooked  or  ignored. 

NoU>.  Before  adjusting  the  cross-hairs  separately  it  is  well  to  see  thai 
the  vertical  hair  is  truly  vertical;  if  the  two  cross-hairs  have  been  rat  oi 
the  ring  exactly  at  right  angles  to  each  other  the  horizontal  hair  wul  tiMB 
be  truly  horizontal.  Test  the  vertical  hair  by  seeing  if  it  ccHncides  fritli 
a  plumb-line  or  the  comer  of  a  building,  or,  another  method,  witii  ths 
supporting  axis  horizontal,  sight  upon  some  weU-defined  pDint  and  depreai 
the  telescope;  the  point  should  appear  to  move  up  and  down  the  hair. 
If  the  hair  is  not  vertical  loosen  aD  four  capstan  screws  slightly  take  hold 
of  their  heads  and  turn  the  ring  until  the  hair  is  vertical.  (See  note,  pagB 
550).  Or,  better  still,  tap  the  loose  heads  gently  with  the  finger-tip  or 
with  a  pencil,  since  the  amount  which  the  ring  must  be  removed  is  sli^t. 

Adjustment  of  the  Horizontal  Cross-hair 

This  adjustment  is  necessary  only  when  vertical  angles  are 
to  be  measured  with  more  than  ordinary  accuracy,  or  whok 
carekd  leveling  is  to  be  done  with  the  transit. 

Object.  To  bring  the  horizontal  hair  into  the  plane  of  motioi 
of  the  optical  center  of  the  object-^lass;  if-4t  is  not  in  that  plane 
the  line  of  sight  will  change  as  the  object-glass  is  moved  in  oi 
out  for  focusing. 

Test,  (1)  Hold  a  leyeling-rod  on  a  stake  driven  near  the  traofli^ 
clamp  the  telescope  so  that  the  line  of  sight  is  approximaiel§ 
parallel  to  the  surface  of  the  ground  for  about  300  ft.,  bring 
the  center  of  the  target  to  the  line  of  sight,  and  note  the  rod 
reading.  (2)  Without  moving  the  telescope  read  a  rod  upon  a 
second  stake  about  300  ft.  away.  (3)  Unclamp,  plunge,  tun 
the  plates,  bring  the  inverted  telescope  to  the  former  reading  oa 
the  first  stake,  and  tighten  all  clamps.  If  the  horizontal  hair 
does  not  strike  the  former  reading  on  the  second  stake  it  should 
be  adjusted. 

Correction,  Set  the  target  at  the  mean  of  the  two  readiQp 
taken  at  the  second  stake.  With  the  telescope  still  ciamped 
in  the  position  it  was  in  when  the  second  reading  was  takeo^ 
move  the  horizontal  hair  by  means  of  the  capstan  screwa  oiiti 
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it  bisects  the  target,  when  the  rod  is  held  on  Ihe  second  ^ake. 
Loosen  the  capstan  screw  on  top  of  the  telescope  and  tighten 
the  opposite  screw  to  move  the  hair  upward  as  observed  through 
an  INVERTING  eyepiece,  and  vice  versa  to  move  it  downward. 
(Why?  See  p.  550.)  Repeat  the  test  and  correction  until  the 
adjustment  is  perfected.  The  principle  involved  is  that  of  single 
reversion;  the  telescope  being  inverted  once,  the  error  is  doubled. 
(See  Fig.  582  (I),  p.  593.) 

Practical  augpeationa.  (1)  It  is  not  necessary  that  the  telescope  should 
be  level  when  sighting  at  the  leveling-rod — any  line  of  sight  will  do.  (2)  It  is 
hotter  to  use  two  leveling-rods,  one  for  each  stake,  then  the  target  may  be 
left  undisturbed  on  the  rod  near  the  transit.  In  an  emergency  two  straight 
sticks  or  transit  poles  mav  be  used  in  place  of  leveling-rods.  A  small  piece 
of  paper  wrapped  around  each  stick  and  held  in  place  by  a  rubber  Sand 
will  serve  as  a  target,  the  band  marking  the  points  sighted  at.  Use  three 
bands  for  the  pole  at  the  farther  stake,  one  for  the  first  sight,  one  for  the 
second,  and  one  half-way  between. 

Adjustment  of  the  Vertical  Cross-hair 

This  is  often  called  the  adjustment  of  the  line  of  coUimcUion, 
(See  p.  553.) 

Object.  To  make  the  line  of  sight  perpendicular  to  the  sup- 
porting axis  of  the  telescope,  so  that  when  the  telescope  is  plunged 
the  line  of  sight  will  generate  a  plane;  if  the  line  of  sight  is  not 
perpendicular  it  will  generate  the  surface  of  a  cone.  In  prac- 
tice the  chief  object  of  the  adjustment  is  to  be  able  to  produce 
a  straight  line  by  backsighting  and  then  simply  plunging  the 
telescope  once. 

Test.  The  test  corresponds  exactly  to  reversing  in  azimuth 
and  altitude  or  double  reverse.  (See  p.  92.)  Sight  on  some 
permanent  backsight,  plunge,  establish  point  number  one. 
Leave  the  telescope  inverted,  turn  upper  plate,  sight  on  the 
permanent  backsight,  plunge,  and  establish  point  number  two. 
If  these  two  points  do  not  coincide  the  vertical  cross-hair  must 
be  adjusted. 

Correction.  (1)  Measuring  from  point  two  towards  point 
one,  mark  a  third  point  one  fourth  of  the  distance  from  point 
tiDo  to  point  one.  (2)  By  loosening  one  of  the  capstan  screws 
on  the  side  of  the  telescope  and  tightening  the  other,  move  the 
cross-hair  ring  until  the  vertical  hair  is  on  point  three.  (3)  Re- 
peat the  test  and  the  adjustment  until  the  two  points  estab- 
lished by  the  double  reverse  exactly  coincide. 

Principle  involved.  This  is  a  double  application  of  the  method 
Cif  reversion.     Reversing  (plunging)  the  telescope  OTicedov3\Ae»>i)Q» 
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error  (Art.  580);  reversing  a  second  time  again  doubles  the  error 
on  the  opposite  side,  so  that  the  total  apparent  error  is  four  timet 
the  tnie  error.  This  may  be  better  understood  by  referring  to 
Fig.  581  (II). 
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niustration.  Let  XF  be  the  supporting  axis  of  a  telescope  (top  ficart 
in  Fig.  581  (II)).  If  AKX  is  an  exact  rignt  angle  the  line  of  siglit  u  Hi 
A<lju8tinent,  because  backsighting  on  A  ami  plunging  the  telesofiipe  tlic  list 
of  colliniation  will  generate  a  plane,  striking  a  point  C  which  in  in  Ibe 
line  .4 A'  produced.  Hut  suppose  the  line  of  sight  is  out  of  adjiuttmnit 
by  an  amount  e,  that  is,  the  angle  AKIC  (middle  figure)  is  not  90P  bat 
90°— f.  When  the  telescopa  i-j  plunged  the  line  of  sight  will  general* 
the  surface  of  a  cone  and  strike  a  point  B  instead  of  C.  Fnmi  the 
figure  it  is  evident  that  QKB  is  90° -2^  and  hence  BUCC  — 2«.  Leave  tb« 
telescope  inverted,  turn  and  backsight  on  A  apaiin.  (Bottom  fifEWV^ 
notice  the  reversed  posititms  of  \f  and  N,  the  ends  of  the  suppoitiBX 
axis.)  Plunge  tlie  telescope;  the  line  of  collimation  will  Btrilce  ioid* 
point  D,  and  it  is  evident  that  DKC^2e.    In   practico   tlie   point  C  ii 
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not  found,  but  the  ansle  BKD  equals  4c.  Hence  mark  a  point  P  one 
fourth  the  distance  DB  from  D  and  move  the  crosa-hair  ring  until  the  ver- 
tical hair  ia  on  P.  Then  HKP  is  a  right  angle — the  object  of  the  adjust- 
mmt. 

Question.     Why  is  the  horizontal  hair  adjusted  before  the  vertical  hair? 

Question      In  adjusting  the  vertical  hair  is  the  horizontal  hair  necessarily 
thrown  out  of  adjustment?     If  not,  why  not?     (See  note,  p.  550.) 

Practical   suggestions.     (1)  Set    up   in    some   comparatively   level   place 
where  a  sight  of  about  300  ft.  eacti  way  can  be  bad;    closer  adjustment 
can  be  made  at  this  than  at  longer  distances.     (2)  Select  some  well-defined 
point  for  a  permanent  backsight;    if  necessary  net  a  very  slender,  stake  or 
establish  a  backsight  in  some  other  way.     (3)  Each  foresight  should  be' 
marked  and  numbered.     The  backsight  and  the  position  of  the  transit 
can  often  be  chosen  so  that  the  foresights  will  fall  on  some  vertical  sur- 
face, where  pencil-marks  can  be  distinctly  seen  through  the  telescope,  as. 
for  example,  marks  on  a  sheet  of  paper  tacked  to  the  side  of  a  building. 
(4)  When   the  man    wlio   marks   the   foresights  has   measured    back    one 
fourth  the  apparent  error,  he  should  hold  his  pencil  on  the  point,  and  give 
some   weU-unaerstood  signal  that  the  point  indicated  is  the  one  to  which 
the  vertical  hair  should  be  adjusted,  otherwise  points  may  be  confused  by 
the  man  at  the  transit.     If  the  transitman  is  sighting  at  a  vertical  surface, 
confusion  may  be  avoided  by  drawing  a  pencil-lme  which  can  be  seen  from 
the  transit.    As  tests  are  repeated  erase  all  lines  previously  drawn,  so  that 
fdr  each  test  there  is  only  one  line  that  the  transitman  can  see,  i.e.,  the 
line  to  which  the  vertical  hair  should  be  adjusted.     An  experienced  transit- 
man  can  often  make  this  adjustment  without  help,  by  taking  for  a  fore- 
sight some  such  object  as  a  window-pane,  estimating  the  error  each   time 
and  repeating  the  test  and  correction  until  the  vertical  nair  bisects  the  object 
used  as  a  foresight.     (5)  On  some  transits  there  are  three  sets  of  capstan- 
screws.     Those   near€;st   the   eye  adjust  the  eyepiece,  the   next   set    are 
for   the  stadia  wires,  and  the   third  set  for  the  cross-hair  ring.     In   this 
iuljuHttnent,  therefore,  use  the  two  side  screws  farthest  from  the  eyepiece. 

(6)  If,  in  looking  through  the  telescope,  the  vertical  hair  should  apparently 
be  moved  to  the  right  in  order  to  cover  the  point  indicated,  loosen  the 
capstan  screw  on  the  rijht-hand  siile  of  the  telescope  and  tighten  tlio 
opi>osite  screw.  This  really  moves  the  vertical  cross-hair  to  the  left, 
since  the  cross-hair  ring  is  drawn  towards  the  screw  that  is  tightened  (see 
p.  550),  but  the  ej'epiece  inverts  the  movement  (p.  552)  so  that  it  appears 
to  be  drawn  to  the  right.  Hence  the  rule:  Loosen  the  screw  towards  which 
the  cross-hair  must  apparent ly  be  mx)ved,  and  tighten  the  opposite  screw.* 

(7)  Do  not  be  too  particular  aliout  getting  the  cross-liair  on  the  point  until 
after  two  or  three  tests  by  double  reverse  have  been  made;  the  nearer 
the  adjustment  approaches  completion  the  more  nearly  should  the  hair 
split  the  pomt.  (8)  The  final  adjustment  can  often  be  made  by  simply 
tightening  one  screw  without  loosening  the  other,  but  screws  must  not  be 
strained  (see  Suggestion  (6),  p.  5Si2  ).  (9)  When  tlie  line  of  sight  is  in  ad- 
justment it  should  coincide  with  the  line  of  collimation,  and  this  in  turn 
should  be  concentric  with  the  geometrical  axis  of  the  telescope.  ^  If  these 
conditions  are  not  fulfilled  errors  may  be  introduced  as  the  objective  is 
moved  in  or  out  for  sights  of  different  lengths.  Perfect  adjustment  in  this 
respect  depends  largely  on  the  maker  of  the  instrument.  (10)  Since  the 
line  of  sight  is  determined  solely  by  the  position  of  the  intersection  of  the 
cross-hairs  with  respect  to  the  center  of  tlie  object-glass,  it  is  not  affected 
by  the  position  of  the  eyepiece.  The  latter  may  oe  moved,  in  any  direc- 
tion, or  even  entirely  removed  and  a  new  one  substituted  without  affecting 
the  adjustment  of  the  cross-hairs. 

III.  Adjustment  op  the  standards.  Object.  By  the  pre- 
cjeding  adjustment  of  the  vertical  hair  the  Hne  of  sight  has  been 
made  to  revolve  in  a  plane;  the  object  of  the  adjustment  of  the 
standards  is  to  make  this  plane  vertical  when  the  plate  to  which 
the  standards  are  attached  is  level,  i.e.,  to  make  the  supporting 

♦  This  is  assuming  that  the  eyepiece  is  inverting,  i.e.,  it  inverts  tlv^  vcsa.'^ 
«o  that  objects  appear  right  side  up.     (See  p.  ^5^..^ 
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axis  parallel  to  the  plate  by  making  the  standards  of  equal 
heights.*  • 

Test.  (1)  Level  up,  sight  to  some  high  and  well-defined 
point,  clamp  to  prevent  motion  sidewisa,  depress  the  telescope 
without  plunging,  and  mark  point  number  one,  (2)  Unclamp, 
plunge,  turn  plates  half-way  around,  and  with  inverted  telescope 
backsight  again  at  the  high  point,  depress  the  telescope  without 
plunging,  and  establish  point  number  two;  if  it  does  not  coincide 
with  point  number  one  the  standards  should  be  adjusted. 

Correction.  (1)  Mark  a  point  half-way  between  the  first  and 
second  point.  (2)  Sight  on  this  middle  point,  clamp,  and  point 
the  telescope  upward;  the  line  of  sight  will  not  quite  strike  the 
original  high  point.  (3)  Make  it  strike  the  point  by  raising  or 
lowering  one  end  of  the  supporting  axis.  This  is  done  by  turn- 
ing the  capstan  screw  near  the  top  of  the  standard,  loosening  or 
tightening  at  the  same  time  the  screws  which  fasten  the  cap  of 
the  standard.  Repeat  the  test  and  correction  until  the  two 
points  exactly  coincide  after  reversion. 

Principle  involved.  Since  the  telescope  is  plunged  (i.e.,  re- 
versed) but  oncCf  this  is  a  case  of  single  reversion,  and  the  apparent 
error  is  double  the  true  error — not  four  times  the  error  as  in  the 
adjustment  of  the  vertical  hair,  where  the  telescope  was  plunged 
twice.     This  is  evident  from  Fig.  581  (III). 

Illustration.     In  the  first  position  of  the  axis.  Fig.  581  (III),  the  righl- 
hand  end  is  the  higher;    after  backsighting  on  A  and  depressing  the  tele- 
scope   the    intersection    of    the 
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cross-hairs  falls  on  B.  Turning 
the  plate  half-way  around  brings 
the  higher  end  of  the  axis  to 
the  left,  so  that  the  second  point 
falls  at  C.  The  point  M  is 
approximately  where  the  line  of 
sight  should  strike  when  the 
axis  is  horizontal,  iJ^.^A  and  if 
are  in  the  same  vertical  plane. 

Remark.  TheoreticaLUy  the 
figure  does  not  truly  represent 
the  adjustment,  and  the  point 
M  is  not  half-way  betwem  C 
and  B  except  under  certain  con- 
ditions. Two  oblique  i^anes  are 
generated  by  the  line  of  tof^t 
which  are  not  truly  representea 
by  AB  and  AC.  The  problem 
is  therefore  one  in  descriptiM 
geometry.     (See  Nugent*8  Piaoe 


Surveying,  p.  240.)  In  practice,  however,  points  B  and  C  are  so  near 
together  that  by  taking  M  half-way  between  and  making  the  correctioB 
e=CM=NA  the  supporting  axis  is  made  more  nearly  horixontal,  untfl 
after  a  few  trials  the  adjustment  is  perfected. 


*  More  correctly,  perpendicular  to  t\\e  vertical  axis  (see  foot-note,  p.  686). 
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Praetietd  suggestions.  For  a  permanent  l»ac1csight  a  church  spire,  a 
point  on  some  high  building  or  some  ottier  well-defined  point  may  be 
taken.  When  no  such  point  is  visible  a  comparatively  low  point  40  or 
50  feet  above  the  ground  may  be  chosen,  but  the  transit  should  be  cor- 
respondingly near,  so  that  when  the  telescope  is  depressed  it  will  describe 
as  large  an  arc  as  possible.  (2)  The  usual  method  of  correction  is  to  bring 
the  cross-hairs  on  M.  If,  however,  M  is  nearly  on  the  same  level  with  the 
telescope,  it  is  better  to  si^ht  on  M  and  then  point  the  telescope  upward 
before  making  the  correction,  for  the  higher  the  telescope  is  pointed  the 
m3re  the  direction  of  the  line  of  sight  is  changed  hy  raising  or  lowering 
one  end  of  the  supporting  axis  {Whuf)^  and  the  easier  it  is  to  gauge  the 
amount  of  adjustment.  (3)  To  decide  whether  the  adjustable  end  of  the 
supporting  axis  is  too  high  or  too  low,  note  in  which  direction  the  second 
plane  generated  slopes,  and  remember  that  the  supporting  axis  is  per- 
pendicular to  that  plane.  (See  Fig.  581  (III).)  (4)  If  the  end  of  the  axis 
must  be  raised  loosen  first  the  screws  fastening  the  cap  to  the  standard 
before  turning  the  capstan  screw. 

IV.  Adjustment  op  the  telescope  level.  This  adjust- 
ment is  necessary  when  the  transit  is  used  as  a  level,  or  when 
vertical  angles  with  reference  to  a  horizontal  plane  are  to  be 
measured. 

Object.  To  make  the  axis  of  the  bubble  parallel  to  the  line 
of  sight  when  the  latter  is  horizontal. 

Test  amf.  correction.  Exactly  the  same  as  the  *'peg"  adjust- 
ment of  the  level  (see  p.  597). 

V.  Adjustment  of  the  vertical  circle  and  vernier. 
This  adjustment  affects  the  measurement  of  vertical  angles  with 
reference  to  a  horizontal  plane.  Note  that  it  does  not  affect 
the  measurement  of  a  vertical  angle  between  two  points. 

Object.  To  make  the  vertical  circle  read  zero  when  the  line 
of  sight  is  horizontal.  It  is  assumed  that  the  transit  having 
been  leveled  up,  the  vertical  axis  is  truly  vertical  because  of 
previous  adjustments. 

Test.  Bring  the  bubble  of  the  telescope  level  exactly  to  the 
center  by  clamp-  and  tangent-screw,  and  see  by  inspection  if 
the  zero  on  the  vernier  and  the  zero  on  the  vertical  circle  coin- 
cide. 

Correction.  Shift  the  vernier  until  the  zeroes  coincide,  by 
loosening  the  screws  which  hold  it  to  the  standard.  On  some 
transits  other  provision  is  made  for  shifting  the  vernier  or  the 
vertical  arc. 

Practical  svggestion.  (1)  If  the  zeroes  cannot  be  made  to  coincide,  note 
the  amount  and  sign  of  the  difference.  This  will  be  an  index  error  to  be 
applied  as  a  correction  to  each  angle  of  elevation  or  depression.  (2)  If 
t'lere  is  no  levri  underneath  the  telescope,  make  the  line  of  collimation 
horizontal  by  the  method  used  in  the  "peg"  adjustment,  i.e.  set  the  transit 
iBxactly  half  way  between  two  points,  clamp  the  telescope  in  as  nearly 
a  horizontal  position  as  can  be  estimated  and  proceed  as  directed  <^xv 
page  598. 
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582.  Adjustments  of  the    Wye-level.     Ths    pbimcipal 

LINES  to  be  considered  in  adjusting  a  level  are: 

(1)  The  line  of  sight  from  the  intersection  of  the  cross-hain 
to  the  optical  center  of  the  object-glass. 

(2)  The  line  of  coUimation,  with  which  the  line  of  sight  ahould 
be  made  to  coincide. 

(3)  The  aods  of  the  collars  or  rings,  a  line  joining  the  centers 
of  the  collars. 

(4)  The  axis  of  the  bubble  (see  p.  544). 

.    (5)  The  line  of  the  bottom  of  the  wyes,  a  line  joining  the  lowesi 
points,  where  the  collars  rest  on  the  inner  surfaces  of  the  wyes. 

(6)  The  vertical  axis  of  the  level  through  the  spindle.  For 
sake  of  clearness  another  line  will  be  considered,  viz.: 

(7)  The  axis  of  the  level-bar,  a  line  through  the  horizontal  bar 
which  supports  the  wyes.  This  axis  is  assumed  to  be  perpen- 
dicular to  the  vertical  axis;  it  may  or  may  not  coincide  with  the 
geometrical  axis  of  the  level-bar. 

The  object  of  the  principal  adjustments  is  to  make  lines 
(1)>  (2),  and  (3)  coincide,  and  then  to  bring  the  first  five  lines 
parallel  to  (7)  and  hence  perpendix;ular  to  (6).  The  three  prin- 
cipal adjustments  may  be  outlined  as  follows:  Let  Fig.  5S2 
represent  a  level  out  of  adjustment,  the  errors  of  course  being 
greatly  exaggerated. 
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FiQ.  582. 

I.  The  adjustment  of  the  cross-hairs  makes  the  line  of  sight 
coincide  with  the  axis  of  the  collars.  This  is  done  by  moving 
th2  cross-hair  ring,  and  in  a  well-made  instrument  results  also 
in  bringing  the  line  of  sight  into  the  line  of  coUimation. 

II.  The  adjustment  of  the  level-tube  brings  the  axis  of  the  butile 
jtHjrallel  to  the  bottom  of  the  wx^es^  whether  the  collars  are  of  tie 
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same  size  or  not.  This  is  done  by  turning  the  screws  which 
hold  the  ends  of  the  tube  to  the  telescope.  In  a  well-made  level 
the.  collars  should  be  true  circles,  of  the  same  size  and  each  in 
perfect  contact  with  the  inner  surface  of  the  wye;  then  the 
bottom  of  the  vjyes,  the  axis  of  the  collars,  the  line  of  sight,  and 
Vie  axis  of  the  bubble  are  all  parallel  as  a  result  of  the  first  two 
adjustments. 

III.  The  adjustment  of  the  wyes  brings  the  axis  of  the  bubble 
paraUel  to  the  axis  of  the  level-bar.  This  is  done  by  making  the 
wyes  of  equal  height.  All  lines  should  now  be  perpendicular  to 
the  vertical  axis^  which  is  the  tnie  object  of  the  three  adjustments. 

Remark,  Before  taking  up  the  adjustments  in  detail  the 
student  should  thoroughly  acquaint  himself  with  the  relations 
which  should  exist  between  the  principal  lines  as  set  forth  in 
this  article. 

I.  Adjustment  of  the  cross-hairs.  Object,  To  make  the 
line  of  sight  coincide  with  the  axis  of  the  collars. 

Test,  (1)  Direct  the  line  of  sight  to  some  well-defined  point 
and  clamp.  (2)  Loosen  the  clips  which  hold  the  telescope, 
rotate  the  telescope  half-way  around  in  the  wyes  (not  end  for 
end)  until  the  bubble-tube  is  above  the  telescope.  If  the  line 
of  sight  does  not  strike  the  point  the  cross-hairs  should  be  ad- 
justed. In  the  final  test  the  intersection  of  the  cross-hairs 
should  remain  on  the  point  throughout  a  complete  revolution 
of  the  telescope. 

Correction,  If  both  haire  are  off  the  point,  each  must  be 
adjusted  by  bringing  it  half-way  back.  This  is  done  by  moving 
t!io  cross-hair  ring,  loosening  the  upper  or  lower  capstan  screw 
and  tightening  the  opposite  screw  for  tRe  horizontal  hair,  loosen- 
ing a  side  capstan  screw,  and  tightening  the  opposite  screw  for 
the  vertical  hair  (see  p.  550).  Repeat  the  test  and  adjustment 
until  the  latter  is  perfected. 
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FiQ.  682  (I). 

The  principle  involved  is  that  of  single  reverse.  If  the  line  of 
sight  is  directed  to  A,  Fig.  582  (I),  and  the  telescope  is  then  ro- 
tated  the  line  of  sight  will  strike  some  point  at  B.    Tlvft  «xv\^<^ 
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All  B  is  twice  the  error.  In  like  manner  the  distance  that  the 
vertical  hair  is  to  the  right  or  to  the  left  of  the  point,  after  rever- 
sion, is  double  the  error. 

Practical  suggestions.  (1)  It  is  not  necessary  that  the  telescope  should 
be  horizontal  while  making  this  adjustment  so  loni;  as  the  wyes  refnain  in 
a  fixed  position.  Any  two  points  of  support  could  be  used  in  place  of  the 
wyes.  (2)  A  nail  in  a  fence  or  building  about  300.  ft.  away,  or.  better  yet, 
a  piece  of  paper  tacked  up  with  a  fine  cross  marked  on  it,  will  serve  for  a 
j>oint  to  sight  at  if  no  other  definite  point  is  visible.  (3)  Loosen  the  eap- 
6tan  screw  towards  which  a  cross-hair  should  be  moved  (as  observed  throuipi 
,the  ordinary  eyepiece),  and  tighten  the  opposite  screw.'  (See  hint  ^, 
p.  582).  (4)  The  cai>stan  screws  farthest  from 'the  eyepiece  move  thie 
cross-hair  ring.  (DD  in  the  photograph  p.  551).  (5)  Adjustinc  for  one 
hair  may  disturb  the  adjustment  of  the  other.  (6)  Read  hints  (7),  (8). 
and  (10),  page  5S2.  (7)  It  is  important  in  leveling  to  have  the  horiaontal 
hair  truly  horizontal.  Test  as  follows:  Level  up,  close  the  dips  so  that 
■h  ?  pin  will  hold  the  telescope  in  place  (or  see  that  the  mark  on  the  eoDsr 
\M>incides  with  the  mark  on  the  wye).  Mark  the  point  where  the  Kne  of 
s'g'it  strikes  some  vertical  surface  a  short  distance  away.  Revolve  the 
telescope  on  its  vertical  axis  so  that  the  point  api>ear8  to  move  from  one 
edge  of  the  field  of  view  to  the  otiier;  if  the  point  is  covered  by  the  cross- 
hair throughout  the  movomcnt  the  hair  is  horizontal  (assuming  that  the 
axis  of  revolution  is  truly  vertical) .  If  the  cross-hair  is  not  horiaontal 
loosen  slightly  all  four  capstan  screws  and  gently  tap  their  heads  to  more 
the  cross-hair  ring  (as  directed  in  the  note,  p.  ^C\).  Repeat  the  test  and 
correction  until  the  hair  is  truly  horizontal.  1 1  is  will  bring  the  other 
hair  vertical,  or  nearly  enough  vertical  to  plumb  the  rod  by,  since  the 
hairs  are  fastened  to  the  ring  at  right  angles  to  each  other.  (8)  When 
tlie  adjustment  has  been  completed  for  a  point  300  ft.  alray,  focus  on  a 
point  near  the  instrument,  say  20  ft.  away,  and  repeat  the  test.  If  the 
mstrument  is  out  of  adjustment  for  this  second -point,  either  the  object- 
glass  slide  dors  not  work  parallel  to  the  axis  of  the  coUani  or  the  optical 
center  is  not  in  the  axis  of  the  collars.  On  some  makes  of  levels  the  objrct- 
glass  slide  can  be  adjusted  (see  p.  u02),  but  the  latter  defect  can  be  remedied 
tn'y  by  the  maker. 

II.  Adjustment  of  the  bubble-tube.  This  adjustment 
consists  of  two  steps,  neither  of  which,  theoretically,  is  entirely 
independent  of  the  oiher. 

First  Step. 

Object.  To  bring  the  axis  of  the  bubble  into  the  same  plane 
with  the  axis  of  the  collars. 

Test.  (1)  Level  up  and  clamp  the  telescope  over  two  diago- 
nally opposite  leveling-screws.  (2)  Loosen  the  clips,  rotate 
the  telescope  a  few  degrees  in  its  wyes  (not  end  for  end),  until 
the  bubble-tube  is  no  longer  underneath  the  telescope.  If 
the  bubble  does  not  remain  in  the  center  the  tube  should  be 
adjusted.  In  the  final  test  the  bubble  should  remain  in  the 
center  when  the  tube  is  swung  to  either  side. 

Correction.  Bring  the  bubble  all  the  way  back  to  the  center 
by  turning  the  capstan  screws  on  each  side  of  the  level-holder, 
usually  at  the  object-glass  end  of  the  tube. 


THE  WYE-LEVEL  595 

Principle  involved.  There  is  no  reversion  during  the  test;  hence 
the  apparent  error  is  equal  to  the  true  error,  not  double  iU 
Before  adjustment  the  axis  of  the  bubble  generates  a  hyperboloid 
of  revolution  of  one  nappe — ^the  more  the  adjustment  is  per- 
fected the  more  nearly  will  it  generate  a  cylinder. 

Prtictical  suggeatums.  (1)  Since  in  most  of  the  later  instruments  the  tele- 
scope is  not  free' to  turn,  being  held  in  place  by  a  pin  in  one  of  the  clips, 
this  adjustment  is  not  important  except  as  it  prepares  the  way  for  tlie 
second  step,  in  which  the  clips  are  left  open.  (2)  If,  when  th-^  telescope 
is  rotated  first  to  one  side,  then  to  the  other  the  bubble  travels  toward 
the  same  end,  it  shows  that  the  bubble-tube  is  conical  instead  of  cylindrical 
and  the  adjustment  will  not  correct  it.  (3)  Before  beginning  the  adjust- 
ment put  on  the  foinshade.  This  Is  not  of  much  importance  in  this  adjust- 
ment; but  in  wonne  of  the  following  adjustments  it  is,  since  the  maker 
usu^ly  plans  to  have  the  telescope  in  perfect  balance  when  the  sunshade 
is  on  and  the  eyepiece  and  objective  each  at  the  average  focus.  (4)  In 
som<;  instruments,  it  is  necessary  to  loosen  the  capstan  nuts  used  in  the 
s3cond  step  befor^  the  screw  used  in  this  step  can  be  turned. 

Remark:  Assuming  that  the  axis  of  the  bubble  and  the  axis  of  the  col- 
lar are  in  the  sam^veitical  plane,  the  bubble  wiU  still  move  toward  on«  <>nd 
of  the  tube  when  ^he  teiescope  is  rotated  unless  the  axis  of  the  bubbH  is 
parallel  to  the  axis  of  the  collar  and  to  the  bottom  of  the  wyes  (the  object 
of  the  second  step).  Hsnce  it  m^y  b?  nsc«?8«iry  to  repeat  both  the  first  and 
second  step  unti^^the  two  corresponding  tests  are  satisfactory. 

Second>Step  in  the  Adjustment  of  the  Bubble-tube, 

Object.  To  make  the  axis  of  the  bubble  parallel  to  the  bot- 
tom of  the  wyes,  ' 

Second  test  (1)  Level  up  and  clamp  the  telescope  over  two 
diagonally  opposite  leveling-screws.  (2)  Loosen  clips,  take  the 
telescope  out  of  its  wyes,  and  replace  it  turned  end  for  end.  If 
the  bubble  does  not  return  to  the  center  the  tube  .should  be 
adjusted. 

Second  correction.  Bring  the  bubble  half-way  back  to  the 
center  by  lowering  the  end  of  the  tube  towards  which  the  bubble 
has  moved,  or,  what  is  equivalent,  by  raising  the  other  end. 
This  is  done  by  turning  the  capstan  nuts  which  hold  one  end 
of  the  tube  to  the  telescope.  Level  up  again,  and  repeat  tHe 
test  and  adjustment  until  reversion  can  be  made  without  caus- 
ing any  change  in  the  position  of  the  bubble. 

Principle  involved.  This  is  a  case  of  single  reversion,  exactly 
like  that  explained  on  p.  583.  Before  reversion  the  axis  of  the 
bubble  BB  in  Fig.  582  (II)  (next  page)  is  horizontal,  but  rwt 
parallel  to  CC,  the  bottom  of  the  collars;  or,  since  the  bottom 
of  the  collars  and  the  bottom  of  the  wyes  are  in  contact,  BB  is 
not  parallel  to  the  bottom  of  the  wyes,  also  represented  by  CC. 
The  bottom  of  the  wyes  CC  is  kept  stationary  during  the  test^ 
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and  therefore  corresponds  to  ac,  Fig.  580(6),  p.  583.     Hence 
turning  the  bubble-tube  end  for  end  doubles  the  error. 
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Fig.  582  (II). 

Praetuxil  siwgestums.  (1)  Great  care  is  necessary  in  taking  the  tele- 
scope out  and  replacing  it  in  the  wyes  to  avoid  jarring  or  disturbing  the 
rest  of  the  instrument.  (2)  Loosen  the  upper  c£4)etan  nut  6rst,  raise  or 
lower  the  lower  nut  as  the  case  requires,  and  finally  bring  home  the  upper 
nut  in  completing  the  adjustment.  Usually  the  nuts  are  at  one  end  of 
the  bubble-tube  only.  (3)  Notice  that  thiis  adjustment,  like  the  adjnst- 
m'^nt  of  the  cross-hairs,  could  be  perfected  on  any  two  points  of  sai>port 
independent  of  the  wyes.  (4)  Although  by  this  adjustment  the  axis  of 
th?  bubble  is  made  parallel  to  the  bottom  of  the  wyes,  it  does  not  follow 
that  it  is  also  parallel  to  the  line  of  sight,  even  though  the  latter  has  been 
made  by  the  adjustment  of  the  cross-hairs  to  coincide  with  tne  arts  of 
the  collars;  for  the  collars  may  not  be  true  circles  of  equal  diameter;  if 
they  are  not,  this  method  of  adjustment  fails  and  the  "peg**  method  must 
be  used.     (See  p.  599.) 

Til.  Adjustment  of  the  wyes.  Object,  To  make  the  axis 
of  the  bubble  parallel  to  the  axis  of  the  level-bar^  and  thus  to  niake 
all  the  principal  lines  of  the  level  perpendicular  to  the  vertical 
axis.  Practically,  the  object  is  to  get  the  two -wyes  oi  equal 
height. 

Test,  (1)  Level  up,  bring  the  telescope  over  two  diagonally 
opposite  leveling-screws,  and  see  that  the  bubble  is  exactly  in 
the  center.  (2)  Revolve  the  telescope  on  its  spindle  half-way 
around  or  until  it  is  over  the  same  pair  of  Icveling-scrBws,  but 
reversed  end  for  end.  If  the  bubble  does  not  remain  in  the 
center  the  wye^  should  be  adjusted.  In  the  final  test  the 
bubble  should  remain  in  the  center  during  a  complete  revolu- 
tion of  the  telescope. 

Correction.  Bring  the  bubble  half-way  back  by  turning  the 
large  capstan  nuts,  i.e.,  those  at  the  ends  of  the  level-bar,  thus 
changing  the  heights  of  the  wyes  above  the  axis  of  the  level- 
bar  until  they  are  equal.  Level  up  the  instrument  again,  and 
repeat  the  test  and  the  adjustment  imtil  the  positicHi  of  the 
bubble  is  not  changed  by  revolving  the  telescope  on  its 
spindle. 

Caution.  On  some  wye-levels  there  are  one  or  two  small  set-serews  in 
the  uprights  at  the  end  of  the  level  bar;  these  must  be  loosened  before  (ht 
fispstan  nuts  can  be  turned. 
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Principle  involved.  This  is  also  a  case  of  single  reversion, 
exactly  like  that  explained' on  p.  583,  also  exactly  simi- 
ar  to  the  first  adjustment  of  the  transit.  The  bubble-tube  is 
iHached  to  the  level-by  by  the  supporting  wyee.  Before 
•e version  the  axis  of  the  bubble  is  horizontal,  but  since  the  in- 
jlination  of  the  level  bar  HII  does  not  change  during  revolution 
t  corresponds  to  ac,  p.  583,  and  reversion  doubles  the  error. 


Y— 


H- - 


. ^y 

Axis  of  Bu^le 


XxU'of  i^vel  B^ 


H 


Fio.  582  (III). 

Practical  avggestions.  (1)  When  the  first  and  second  adjustments  of  the 
Ipv'I  are  *  'out,' '  it  is  not  apparent  unless  tests  are  made;  but  when  the  tliird 
icijustment  is  **out"  it  is  known  at  once,  since  the  bubble  will  not  remain 
in  the  center.  For  this  reasqn  undue  importance  is  too  often  attached 
bo  tliis  la«t  adjustment.  In  reality  it  does  not  affect  the  accuracy  of  the 
tvork,  provided  the  bubble  is  })rought  to  the  center  of  its  tube  just  before 
?ach  sight  is  taken.  The  adjustment  is  made  simply  as  a  matter  of  con- 
venience to  save  this  continual  leveling  up.  A  fpod  levelman  will  not 
depend  upon  it,  but  will  watch  the  bubble  mstinctively  and  always  bring 
it  to  the  center  before  taking  any  important  sight.  (2)  It  is  well  to  make  the 
Srst  test  with  the  telescope  over  one  pair  of  levcling-screws,  .the  next  test 
iver  the  other  pair,  alternating  until  the  adjustment  is  nearly  perfected, 
w'.ien  it  may  be  completed  over  a  singie  pair  of  screws.  (3)  Loosen  the 
ipp^r  nut,  then  raise  or  lower  the  lower  nut  as  the  case  requires.  Though 
nuts  are  provided  at  each  end  of  the  bar,  unless  the  adjustment  is  bacfly 
Dut,  the  adjustment  can  usually  be  made  wholly  by  those  at  one  end. 
C4)  When  unable  to  make  the  adjustment  correctly,  examine  the  outside 
socket  to  S9C  that  it  is  securely  set  in  the  main  socket,  and  also  notice 
that  the  clamp  does  not  bear  on  the  ring  which  it  encircles.  When  these 
ire  correct  and  the  error  is  still  apparent  it  is  probably  due  to  some  im- 
perfection of  the  interior  spindle.  C5)  Having  completed  all  three  adjust- 
ments of  the  level  they  should  be  verified  by  the  '*peg-method"  test.  (See 
Remark^  below.) 

583.  The  ''Peg  Adjustment."  Object.  To  make  the  line 
3f  sight  and  the  axis  of  the  bubble  parallel. 

Remark.  This  adjustment  is  also  called  the  direct  adjustment  in  con- 
trast to  the  indirect  adjustment  explained  in  the  preceding  article.  It  is 
jsed  mostly  for  the  adjustment  of  the  dumpy  level  and  for  the  level  on  a 
transit  telescope.  The  chief  advantage  of  the  wye-level  lies  in  the  ease 
^th  which  it  may  be  adjusted  by  the  indirect  method;  yet  if  certain  defects 
ijnat — as,  for  example,  inequality  of  the  rings — they  arc  not  disclosed  by 
;he  indirect  test.  Hence,  after  the  wye-level  has  been  adjusted  by  the 
nethods  of  the  preceding  article,  it  should  be  tested  by  the  peg  method 
explained  below.     (See  also  suggestion  7  on  page  599.) 

There  are  two  methods  of  making  the  peg  8ud\\\EX.tQfeT&» 
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First  Method. 

Test,  (1)  Drive  two  stakes  A  and  B  (Fig.  583)  from  900  to 
400  ft.  apart,  and  set  up  at  C  a  third  point  exactly  ha]f-way 
between  the  other  two.  (2)  Take  red-readings  i^i  and  JB,  <m 
stakes  at  A  and  B,  The  difference  in  the  readings  will  be  the 
true  difference  in  elevations  d,  of  A  and  B,  no  nuUter  how  muck 
the  instrument  may  be  out  of  adjustment.  Set  up  again  near  one 
of  the  points,  say  at  F,  and  again  take  rod-readings  on  A  and  E, 
If  the  difference  in  elevation  of  A  and  B  as  found  from  the  last 
two  readings  agrees  with  di  (i.e.,  R-j-Ri),  the  level  is  in  adjust-  I 
ment. 


k|  Uneof^flg^* 


Points  of  same  elevation  o         r 


B 


Fig.  6S3. 

Error.     If  the  level  is  out  of  adjustment,  let  R^  and  i^f  be  the 

rod- readings  taken  when  the  instrument-  is  at  F,      The  Mne  of 

sight  should  strike  m,   hence  the  error  is  hm=e.    The  enrol 

for  a  distance  between  stakes  A  and  B  (i.e.,  distance  Kn)  Is  hn, 

Fm 
and  from  similar  triangles  e  =  — —-(dj— <^i)  where  d^— -K4— JJ,  and 

Correction.  There  are  two  methods  of  correcting  the  error— 
(1)  by  adjusting  the  cross-hairs  and  (2)  by  adjusting  the  bubbh- 
tube. 

To  correct  by  adjusting  the  cross-hairs.  (1)  Compute  e  from 
the  above  formula  and  set  the  target  at  {R^—e),  thus  bringiiig 
it  to  m.  Clamp  the  instriunent  (telescope  still  pointing  at  the 
last  sight  h)  and  make  the  honzontal  hair  bisect  the  target  by 
turning  the  lower  and  upper  capstan  screws  that  movp  the 
cross-hair  ring,     (See  Note,  p.  550.)    The  line  of  sight  shoiiU 
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now  be  In  the  line  Fm.  Since  the  bubble  was  in  the  center  of 
its  tube  when  the  reading  was  taken  on  /?,  and  since  the  telescope 
has  not  been  moved,  it  should  still  be  in  the  center,  and  its  axis 
should  now  be  parallel  to  the  line  of  sight. 

To  correct  by  adjusting  the  bubble-tube.  (1)  Compute  e  and 
set  the  target  at  (R^  —  e).  (2)  By  means  of  the  leveling-screws 
mch'ne  the  telescope  until  the  line  of  sight  strikes  m;  this  throws 
the  bubble  out,  but  makes  the  line  of  sight  truly  hcrizontal, 
(3)  Raise  or  lower  one  end  of  the  bubble-tube  by  turning  the 
capstan  nuts  that  hold  it  to  the  telescope  (see  Suggestion  (2), 
p.  596)  until  the  bubble  returns  to  the  center. 

Practical  suggestions: 

1.  In  Fig.  583  the  line  of  sight  to  A  is  inclined  upward;  when  it  is  in- 
clined downward  h  falls  below  m,  and  e  must  be  added  to  R  instead  of 
sublracted. 

2.  The  points  ACB  and  F  should  be  approximately  in  a  straight  line. 

3.  It  is  well  to  take  AB  and  FA^  so  that is  some  even  fraction.      For 

cm 

examine,  if  AB=400  ft.  and  FA  =  10 then— -=^. 
-  cm      40 

4.  When  the  level  is  at  C,  several  sets  uf  readings  should  be  taken  on  A 
and  B  to  determine  accurately  the  difference  in  ele\ation  di. 

5.  If  the  vertical  axis  is  truly  vertical,  but  the  line  of  sight  is  inclined, 
the  latter  generates  a  cone;  the  base  of  which,  represented  by  ab,  is  hori- 
zontal; hence  all  points  in  the  base,  including  a  and  6,  have  the  same  ele- 
vation. 

6.  After  adjusting  for  the  target  at  m  set  it  for  the  correct  reading  at  c. 
This  not  only  serves  as  a  check,  but  also  detects  any  ferror  in  the  moye- 
meht  of  the  object-glass  slide,  since  the  latter  must  be  run  far  out  in  focusing 
on  F  so  close  to  A,  i.e.  the  line  of  motion  must  be  straight  and  parallel 
tu  the  axis  of  the  collars. 

7.  The  three  adjustments  of  a  wye-ievel  having  been  made  in  the  usual 
yvay,  if  the  level  is  then  tested  by  the  peg  method  it  follows  that:   (1)  There 
is  no  error  in  the  movement  of  the  object-glass.     (2)  The  collars  are  of  the 
same  size.     (3)  That  the  Hne  of  sight  is  parallel  to  the  axis  of  the  rings 
(4)  That  the  axis  of  the  bubble  is  parallel  to  the  bottom  of  the  wyes. 

8.  If  the  object-glass  slide  is  not  straight  the  engineer  cannot  remedy  it. 
.If  the  line  of  motion  is  not  parallel,  on  some  instruments  the  object-glass 

slide  can  be  adjusted  (see  p.  602).  If  the  other  sources  of  error  suggested 
in  (7)  exist,  the  level  may  be  adjusted  by  the  peg  method  and  used  as  a 
dumpy  level. 

9.  In  the  wye-level  and  in  the  transit,  since  tlie  cross-hairs  have  been 
adjusted  to  meet  certain  conditions,  it  is  better  to  leave  them  as  they  are 
and  to  adjust  the  bubble-tube;   with  the  dumpy  level  it  may  be  otherwise. 


Peg  Adjustment.     Second  Method. 

In  this  method  the  level  is  not  set  up  haJf-way  between  the 
pegs,  as  in  the  preceding  method,  but  it  is  set  up  first  very  near 
one  stake  and  then  very  near  the  other.  Two  sets  of  readings 
are  thus  obtained,  and  the  true  difference  in  elevation  is  obtained 
by  taking  the  average  of  the  two  differences,  as  in  reciprocfU 
leveling.    (See  p.  243.) 
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Test  (1)  Set  up  near  one  stake  so  that  when  the  rod  is 
held  on  the  stake  the  eye-end  of  the  telescope  will  swing  within 
an  inch  or  two  of  the  face  of  the  rod.  (2)  Read  the  rod  on  this 
stake  with  the  eye  at  the  object-glass,  thus  looking  through  the 
telescope  ^*  wrong  end  to  J*  (3)  Take  a  reading  on  the  second 
stake  in  the  usual  manner.  The  difference  between  the  first 
two  readings  may  be  called  d^.  (4)  Set  up  in  a  similar  position 
near  the  second  stake,  repeat  the  process,  and  obtain  a  second 
difference  ^2-  ^^  ^i  ^^^  ^2  ^^^  "ot  equal  the  line  of  sight  and  the 
axis  of  the  bubble  are  not  parallel. 

Correction.  The  error  is  iid^—d^).  Apply  this  to  the  last 
rod-reading,  set  the  target,  and  make  the  adjustment  by  one 
of  the  two  methods  explained  on  page  598,  according  to 
whether  it  is  desired  to  adjust  the  cross-hairs  or  the  btdiible-Uibe, 

Principle  involved.  If  R^  and  -R,  are  the  first  two  rodrread- 
ings,  7^3  and  R^  the  last  two,  and  e  is  the  error,  then  the  true 
difference  in  elevation  is  R^—{R2—e\  and  also   {R^—e)^R^ 

But    i?,-(i2,-e)  =  («3-c)-/?,    hence    g^(^-^4)-(^~ig.) 

Note  that  Ri  and  Ri  are  on  the  first  stake  and  R^  and  R^  an 
on  the  second  stake. 

Remark.  Tne  student  should  draw  a  figure  illustrating  the  above  prin* 
oiple.  The  first  method  of  "peg"  adjustment  is  generaUy  pr^crred  U 
thkt  given  here. 

Peg  Adjustment.    Modified  Method. 

When  a  strip  of  nearly  level  ground  can  be  found  the  fol* 
lowing  modification  of  the  peg  adjustment  can  be  used  to  a<l^ 
vantage.  (1)  Set  up  exactly  half-way  between  two  pegs, 
300  or  400  ft.  apart  as  in  the  first  method,  but  drive  the  higber 
peg  down  until  the  two  tops  are  on  the  same  level,  i.e.,  Ri 
equals  R.^  (2)  Set  up  the  instrument  nearly  over  one  peg 
hold  a  leveling-rod  on  the  peg  and  set  the  target  at  the  height 
of  the  cross-hairs  as  in  the  second  method.  (3)  Without  dis- 
turbing the  rod-reading,  point  the  telescope  at  the  target  bb 
the  rod  is  held  on  the  other  peg,  and  adjust  the  level  tube 
until  the  bubble  stands  in  the  center.  This  method  avoids 
all  computation  since  the  line  of  sight  has  been  made  parallel 
to  the  top  of  the  pegs  and  is  therefore  horizontal 

584.  Adjustments  of  the  Dumpy-level.    Principal UNtt 
Unlike  the  wye-level,  the  telescope  of  the  dumpy  level  canoot 
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be  taken  from  its  wyes,  but  instead  it  is  rigidly  attached  to  two 
uprights  or  standards.  Hence  two  lines  of  the  wye-level  are 
eliminated,  i.e.,  the  axis  of  the  collars  and  the  bottom  of  the 
wyes.  The  other  lines  remain  the  same  as  in  the  wye-level. 
After  making  the  horizontal  hair  truly  horizontal  (see  Note 
on  page  586),  and  testing  the  object-glass  slide  (see  p.  602)  there 
are  only  two  adjustments  to  be  made. 

I.  Adjustment  op  the  choss-hairs  and  the  bubble-tube. 
Object.  To  make  the  axis  of  the  bubble  and  the  line  of  sight 
parallel  to  each  other.  Test  and  adjustment.  Exactly  the  same 
as  the  "peg  adjustment"  explained  in  the  preceding  article. 

Practical  suggestions.  (1)  In  some  dumpy-levels  the  bubble-tube  can- 
not be  adjusted,  hence  the  engineer  has  no  choice,  but  must  adpust  the  cross- 
hairs. In  levels  where  both  the  bubble-tube  and  the  cross-hairs  are  adjust- 
able it  is  better  to  adjust  the  bubble- tube  (second  method  of  correction,  p.  599), 
since  the  cross-hairs  once  placed  in  the  optical  axis  of  the  telescope  are  not 
disturbed  by  this  adjustment.  Many  engineers  prefer  a  dumpy  level  in 
which  the  bubble-tube  Ls  fixed  (non -adjust able),  since  it  can  then  be  placed 
by  the  maker  once  for  all  parallel  to  the  optical  axis,  and  hence  wher^  the 
#  line  of  sight  is  adjusted  it  will  coincide  with  or  be  parallel  to  that  axis. 

II.  Adjust^i'snt  of  the  standards.  Object.  To  make  the 
line  of  sight  and  the  axis  of  the  bubble  parallel  to  the  axis  of 

the  level-bar,  and  hence  perpendicular  to  the  vertical  axis. 
Test  and  adjustment.  Exactly  the  same  as  for  the  third  ad- 
justment of  the  wye-level  (see  p.  596),  except  that  in  most  in- 
struments the  screws  for  raising  or  lowering  the  standards  or 
uprights  are  on  the  underside  of  the  level-bar,  and  are  to  be 
turned  with  a  screw-driver. 

Remark.  On  some  dumpy-levels  no  provision  is  made  for  raising  or 
lowering  the  standards,  in  wnich  case  the  order  of  adjustments  is  changed 
to  that  given  below. 

First  adjustmerU.  To  make  the  axis  of  the  bubble  perpendicular  to  the 
vertical  axis.  Test  and  correction:  Revolve  the  instrument  180°  about 
its  vertical  axis,  as  in  the  third  adjustment  of  the  wye-level,  but  correct 
half  the  error  by  turning  the  capstan  nuts  at  the  end  of  the  level-tube, 
and  the  rest  by  the  thumb-Hcrews  of  tlie  leveling-head. 

Second  adjustment.  To  make  the  line  of  sight  parallel  to  the  axis  of  the 
bubble  use  the  peg  method  as  described  for  the  first  adjustment  above, 
but  correct  the  error  by  moving  the  «"ro8s-hairs  instead  of  the  level-tube. 
(See  first  method  of  correction,  page  598.) 

585.  Centering  the  Eyepiece:  An  instrument  may  be  in 
good  adjustment  and  still  have  the  intersection  of  the  cross- 
hairs appear  far  out  of  the  center  of  the  field  of  view.  This 
does  not  affect  the  accuracy  of  the  work,  although  it  does  affect 
the  seeing  power  of  the  telescope.  The  inverting  eyepiece  usu- 
ally has  its  inner  end  held  in  place  by  a  ring  which  can  be  moved 
like  the  cross-hair  ring  by  means  of  four  screws,  until  the  inter- 
section of  the  cross-hairs  appears  in  the  center  oi  \te  ^^^. 
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Pmthetd  sufftfeMtums.    (1)  In  some  instnm&nits  the  wenwu  have 
heads  Uke  those  that  move  the  eroas-hair  rinc  but  they  are  nearer  the  eye- 


end  of  thetdesoope.  (See  E'E'  in  photosraph.  p.  551.)  In  other  inatni- 
ments  the  screws  are  concealed  under  a  ocular,  which  may  be  eaaly  mi- 
Bcrewed  and  slipped  aloni;  the  telescope.  The  screws  can  then  be  tarned 
with  a  screw-dnver.  (2)  CmtenuK  the  eyepiece  does  not  affect  any  off  the 
other  adjustments,  but  it  is  best  to  wait  until  they  are  completed  before 
the  centering  is  done.  It  is  not  often  that  the  adjustment  of  the  ejrepiece 
is  necessary;    there  is  no  provision  for  it  on  non-erecting  eycpieeea. 


586.  Adjastmeiit  of  the  Object-sUws  Slide:  When  an  in- 
Ftniment  leaves  the  maker's  hands  the  object-^ass  dide  should 
b3  perfectly  straight,  and  its  line  of  motion  should  be  paraDd  to 
the  axis  of  the  telescope.  No  further  adjustment  of  the  object- 
glass  dide  should  be  necessary,  at  least  for  a  long  time,  hi 
many  instruments  no  provision  is  made  for  this  adjustmmt. 
In  other  instruments  the  rear  end  of  the  slide  works  through  a 
ring  which  can  be  adjusted  by  ioxvr  screws  in  the  same  way  that 
the  ring  which  holds  the  eye  piece  is  moved  (see  CC  in  photo- 
graph, p.  551).  It  is  necessary  first  to  remove  the  bubble-tube 
from  the  telescope  in  order  to  get  at  the  screw  directly  above  \ 
the  tube;  The  ring  is  moved  until  the  test  of  focusing  on  a 
far  point  and  a  near  point  is  satisfactory.     (See  pp.  586^  594.) 

587.  Adjostmeiits  of  the  Compass.  The  adjustments  of 
the  compass  are  four  in  number;  they  affect  the  following  parts: 
I.  Levels.     II.  Sights.     III.  Needle.     IV.  Pivot-point. 

I.  Adjustment  of  the  levels.  Object,  To  make  the  axes 
of  the  level-bubbles  perpendicular  to  the  vertical  axis. 

Test  avd  correction.  Exactly  the  same  as  for  the  mnniV^f  ad- 
justment of  the  transit  (p.  584),  except  that  after  bringing  a  bubble 
half-way  back  it  is  brought  the  rest  of  the  way  by  turning  the 
instrument  on  the  ball-and-socket  joint.  On  some  compasses 
a  leveling-head  like  that  on  transits  is  furnished;  then  the  adjust- 
ment is  exactly  the  same. 

II.  Adjustment  of  the  sights.  Object.  To  bring  the  sights 
into  a  vertical  plane. 

Test.  Level  up  and  sight  at  a  suspended  plumb-line,  first 
through  one  of  the  sight  vanes  and  then  through  the  other, 
turning  the  instrument  so  that  each  sight  vane  in  turn  is  nearer 
the  plumb-line  than  the  other.  If  the  slit  in  either  is  not  ver- 
tical the  bottom  of  the  vane  must  be  refitted  to  the  plate. 

Correction.  Either  file  off  one  side  of  the  bottom  of  the  fliglit 
vane  or  insert  a  piece  of  paper  under  the  other  side. 

Remark.    Ordinarily   this  adjiLotment   should  not  be  neceeaary.    It  ii 
not  essential  that  the  plane  of  the  sights  should  be  exactly  in  ttie 
ot  the  vertical  axis. 
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m.  Adjitstbtemt  of  ths  needle.  OhjecL  To  stiaaghten 
the  needle  so  that  its  two  ends  shall  lie  in  the  same  vertical  plans 
with  its  center. 

Test,  Let  the  needle  down  on  its  pivot  and  remove  the  glasp 
top;  with  a  small  splinter  of  wood  bring  the  south  end  of  the 
needle  exactly  opposite  some  prominent  graduation  of  the  cir- 
cle, as  the  zero-  or  ninety-degree  mark,  and  read  the  north  end. 
Turn  the  needle  on  its  pivot  end  for  end,  bring  the  north  end 
to  the  graduation-mark  on  the  circle,  and  read  the  south  end. 
If  the  two  readings  do  not  agree  the  needle  is  not  straight. 

Correction,  Remove  the  needle  from  its  pivot  and  straighten 
it  by  bending  it  in  the  direction  that  will  move  the  south  end 
toward  the  original  reading  of  the  north  end.  '^e  correction 
should  be  one  half  the  difference  of  the  two  readii^;  but  as  this 
must  be  estimated,  the  needle  should  be  replaced  on  the  pivot 
and  the  test  and  correction  repeated  until  the  needle  is  straight. 

Stigaeations.  (1)  Instead  of  turning  the  needle  on  its  pivot,  the  whole 
instrument  may  he  turned  if  preferred  to  bring  each  end  of  the  needle 
in  turn  to  the  same  graduation-mark.  (2)  In  addition  to  the  above  axijust- 
mont  it  may  be  necessary  to  bend  the  ends  of  the  needle  slightly  up  or  down, 
so  that  thev  shall  lie  in  the  same  plane  as  the  horizontal  circle — or,  better 
still,  a  trine  above.  If,  however,  this  brings  the  ends  above  or  j^ow 
the  plane  of  the  pivot-point  the  ends  of  the  needle  are  likely  to  be  unsteady 
Continued  resharpening  of  a  pivot  may  bring  its  point  much  too  low,. when 
the  only  remedy  is  a  new  center-pin. 

rV.  Adjustment  of  the  Pivot-point.  Object.  To  bring 
the  pivot-point  exactly  in  the  center  of  the  graduated  circle.-  ■ 

Test,  Read  both  ends  of  the  needle  in  various  positions.  If 
for  every  position  of  the  needle  the  readings  for  th%  two  fends 
agiec,  the  pivot  is  in  the  center;  otherwise  it  must  be  centei:«d. 

Correction.  Find  roughly  the  position  of  the  needle  where 
the  xJifference  in  the  two  readings  is  the  greatest.  Remove 
the  n^dle  and  bend  the  pivot  at  right  angles  to  this  direction^ 
Replace  the  needle  and  see  if  the  readings  of  the  two  ends  agree, 
Repeat  the  process  until  the  readings  agree  for  any  position  of 
the  needle.  . 

Suggestions.  (1)  To  bend  the  pivot  apply  the  little  brass  wrench,  oi 
the  flat  pliers  usually  furnished  with  the  instrument,  about  ;one  eighth  of 
an  inch  below  the  top  of  the  pivot.  (2)  This  adjustment  should  be  made 
after  the  needle  has  been  straightened  in  III. 

588.  The  Adjustments  of  the  Plane-table  are  practically 
the  same  as  some  of  those  already  given  for  the  transit  and 
the  level;  hence  it  is  unnecessary  to  treat  each  one  in  detaiL 
They  may  be  summarized  as  follows: 
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L  The  usrsia.  This  adjustment  is  similar  to  the  seoond 
step  in  the  second  adjustment  of  the  level  (p.  595).  The  levda 
are  placed  near  the  center  of  the  board  and  reversed,  for  the 
test>  by  taking  them  off  and  turning  them  end  for  end  without 
moving  the  board.  The  bubble  is  brought  half-way  back  by 
adjustment,  and  the  rest  of  the  way  by  leveling  the  board.  The 
method  is  the  same  whether  the  levels  are  attached  to  the  ruler 
of  the  alidade  or  are  separate. 

II.  The  upper  surface  op  the  board  should  be  perpen- 
dicular to  the  axis.  Place  the  alidade  on  the  board,  bring  the 
bubble  imder  the  telescope  to  the  center  turn  the  table  through 
180°  without  distm-bing  the  alidade,  and  correct  half  the  error 
by  inserting  washers  between  the  board  and  the  arms  that  hold 
it  to  the  tripod-head.  Turn  the  alidade  on  the  board  at  right 
angles  to  its  first  position  and  repeat  the  test. 

III.  The  telescope.  The  line  of  sight  should  be  perpen- 
dicular to  the  supporting  axis,  and  the  supporting  axis  should 
be  parallel  to  the  top  of  the  table.  The  two  adjustments  corre- 
sponding to  these  two  requirements  are  similar  to  the  second 
and  third  adjustments  of  the  transit.     (See  pp.  686-591.) 

Remark.  It  is  desirable  though  not  essential  to  have  the  line  of  dghC 
either  in  the  plane  of  the  edge  of  the  ruler  or  parallel  to  it.  This  may  be 
tested  by  establishing  two  FK>ints  20  ft.  or  so  away,  one  in  the  line  of  sight 
of  the  telescope,  the  other  in  the  line  found  by  sighting  alon^  the  edge  of 
the  ruler.  If  these  lines  of  sight  do  not  lie  in  the  same  vertical  plane  or 
in  parallel  planes,  the  telescop>e  may  be  turned  slightly  bv  loosening  the 
screws  which  attach  the  standard  to  the  ruler.  No  wror  will  be  introduced 
if  the  above  requirements  are  not  fulfilled,  provided  the  vertical  planes 
through  theiines  of  sight  remain  at  a  fixed  an^e  with  each  other. 

rV.  The  telescope  level.  Same  as  Adjustment  IV  ci  the 
transit.     (See  p.  591.) 

V.  The  vertical  circle.  Same  as  Adjustment  V  of  the 
transit.     (See  p.  591.) 

589.  Adjustments  of  the  Sextant.  I.  Adjustment  or 
THE  INDEX-GLASS.  Object,  To  make  the  index-glass,  perpen- 
dicular to  the  plane  of  the  graduated  arc. 

Test  Hold  the  sextant  with  the  arc  away  from  the  body 
and  move  the  vernier  to  a  point  between  the  20°  and  40P  marks. 
Hold  the  eye  just  above  the  plane  of  the  arc  and  slightly  to  the 
riglit  of  tlie  index-glass.  Look  obliquely  into  the  right-hand 
side  of  the  glass  in  such  a  way  as  to  see  a  portion  of  the  aro 
both  directly  and  by  reflection  at  the  same  time.  If  the  direct 
and  reflected  portions  do  not  appear  to  form  a  continuous  curve 
the  index-glass  is  not  perpendicular  to  the  plane  of  the  are. 
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Correction,  Change  the  inclination  of  the  ^ass  by  means 
of  the  screws  at  its  base,  or  by  whatever  meaiis  have  been  pro- 
vided on  that  particular  instrument^  until  the  above  test  is 
fulfilled,  it  may  be  necessary  to  insert  thin  paper  under  the 
base.  If  the  reflected  image  is  below  the  arc,  the  glass  is  lean- 
ing backward;  if  above,  forward. 

II.  Adjustment  of  the  horizon-glass.*  Object,  To  make 
the  horizon-glass  perpendicular  to  Uie  plane  of  the  graduated 
arc.    This  must  be  done  after  the  index-glass  has  been  adjusted. 

Test.  Point  the  telescope  to  any  well-defined  object  and 
move  the  index-arm  slowly  back  and  forth  over  the  zero  of  the 
graduated  arc.  The  reflected  image  will  be  seen  moving  back 
and  forth;  if  it  passes  exactly  over  the  direct  image  the  two 
mirrors  are  perpendicular  to  the  plane  of  the  arc,  otherwise  the 
liorizon-glass  should  be  adjusted. 

Correction.  Turn  the  screws  on  the  back  oi  the  horizon-glass 
until  the  above  test  is  fulfilled 

Suggestions .  A  star  is  the  best  object  to  si^ht  at,  althou^  tJie  sun  will 
also  answer  the  purpose.  In  case  the  latter  is  used  it  is  well  to  make  the 
two  images  of  dilTerent  colors  bv  use  of  the  (dass-shades.  A  clear-cut  line 
of  some  terrestrial  object  may  be  used — as,  for  example,  a  vertical  edge  of 
A  tall  cnimney.  half  a  mile  or  more  away.  In  tiiat  cas6  the  vertical  line 
should  appear  straight  and  unbroken. 

III.  Adjustment  of  telescope.  Object.  To  make  the  line 
of  sight  parallel  to  the  plane  of  the  graduated  arc. 

Test.  Place  the  sextant  face  upward  on  a  table  or  some 
otlier  firm  and  level  support,  point  the  telescope  at  some  ver- 
tical surface  about  20  ft.  away.  Place  two  objects  of  equal 
height  on  the  extreme  ends  of  the  limb  to  serve  as  temporary 
sights.  Sight  across  the  tops  of  these  objects  and  mark  a  point 
where  the  line  of  sight  strikes  the  vertical  surface.  Near  this 
point  mark  another  point  where  the  line  of  sight  through  the 
telescope  strikes  the  same  siuface.  The  difference  in  elevation 
between  these  two  points  should  equal  the  difference  in  eleva- 
tion between  the  axis  of  the  telescope  and  the  line  across  the 
top  of  the  two  temporary  sights,  measured  at  the  sextant;  other- 
wise the  telescope  must  be  adjusted. 

Correction.  Tip  the  ring  or  coUar  that  carries  the  telescope 
by  means  of  the  proper  screws  until  the  above  teqjt  is  fulfilled. 

Suggestions.  If  the  temporary  sights  are  made  of  the  same  height  as 
the  telescope  axis  the  two  points  on  the  vertical  surface  should  comcide. 
With  some  instruments  two  peep-sights  are  furnished  for  this  purpose.  A 
discrepancy  of  ^  inch  in  20  feet  would  cause  a  maximum  error  o£  otkl^  \ 
second  of  arc. 
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IV.  Index  error.  Object.  To  determine  the  reading  ol 
the  arc  when  the  direct  and  reflected  image  of  an  object  coincide. 

Test.  Bring  the  direct  and  reflected  image  of  a  distant  point 
into  coincidence.  If  the  vernier  does  not  read  zero  the  error  is 
called  the  index  error. 

Correction.  The  error  may  be  corrected  by  turning  the 
horizon-glass  around  an  axis  perpendicular  to  the  plane  of  the 
graduated  arc.  As  this  adjustment  will  not  remain  perfect  it 
is  better  to  determine  the  index  error  from  time  to  time  without 
attempting  to  adjust  the  glass,  noting  whether  it  should  be 
added  or  subtracted  from  all  angle  readings,  and  then  apply 
it  as  a  corr'.ction  for  each  reading  when  measuring  angles. 

Su^/e8tion8.  If  the  vernier  ssero  is  to  the  left  of  the  zero  of  the  crado* 
ated  arc  the  index  error  is  minus^ixi.,  it  must  be  subtracted  from  au  read- 
ings; if  to  the  right  it  is  plus.  Since  this  index  error  must  be  applied  as  a 
correc^on  to  every  angle  reading  it  should  oe  determined  with  great  care. 
For  terrestrial  measurements  it  will  suffice  to  sight  at  some  distant  line, 
as  the.  edge  of  a  chimney.  (See  suggestion,  second  adjustment.)  For 
astronomical  observations  the  error  should  be  determined  with  greater 
accuracy.  For  example,  the  direct  and  reflected  images  of  the  sun  may 
be  brought  externally  tangent  to  each  other  in  each  of  the  two  posaibw 
positimis.  Call  the  reading  to  the  right  minua^  the  one  to  the  lat  phi, 
and  algebraically  divide  by  two;  the  result  is  the  mdex  error  wi^  the  prtqier 
sign.  For  greater  accuracy,  repeat  the  process  at  least  two  or  three  times' 
and  take  the  mean  of  all  the  results.  In  taking  readings  to  the  ri^t  of 
the  zero,  be  careful  to  reverse  mentally  the  numbering  of  the-gn»duati(Mtf 
on  the  vernier. 


CHAPTER  XLVII 


THE  CARE  OF  INSTRUMENTS.* 

Tn  the  care  of  instruments  it  is  more  Important  to  know  how  to  avoid 
innecessary  wear  and  tear  than  it  is  to  know  how  to  make  repairs,  though 
he  surveyor  should  be  able  to  do  both.  The  most  important  precautions 
o  be  taken  in  the  care  of  instruments  are  suggested  in  this  chapter.  In 
addition,  directions  are  given  for  cleaning  instruments,  for  repairing  broken 
apes,  for  replacing  broken  cross-hairs,  for  stopping  the  fretting  of  slides 
ind  centers,  and  for  making  such  other  minor  repairs  as  do  not  require 
lie  services  of  a  skilled  instrum^it-maker. 


590.  Precautions.  By  taking  proper  precautions  the 
^ear  and  tear  on  instruments  may  be  greatly  reduced,  and  fre- 
quently permanent  injury  to  some  part  of  an  instrument  may 
)e  avoided.  "It  must  be  remembered  that  there  are  many  parts 
if  an  instrument  which,  if  once  impaired,  cannot  be  restored  to 
heir  original  efficiency," 

A  FEW  DONTS. 

1.  In  taking  an  instrument  out  of  its  box  do  not  lift  it  by 
he  standiirds  or  supporting  axis;  place  the  hands  under  the 
)lates  or  the  leveling-base.  There  is  no  excuse  for  certain 
nakers'  persisting  in  furnishing  a  box  so  constructed  that  it 
s  impossible  to  lift  the  instrument  out  properly. 

2.  Do  not  leave  an  instrument  unguarded  in  a  street,  road, 
)r  pasture,  or  in  the  close  vicinity  of  blasting. 

3.  Do  not  expose  an  instrument  needlessly  to  dust  or  damp- 
less.     Carry  a  waterproof  hood  for  transits  and  levels. 

4.  Do  not  let  the  compass-needle  swing  needlessly;  always 
ift  it  from  its  pivot  before  starting  to  carry  the  instnunent. 

*  In  this  chapter  the  author  has  quoted  freauently  from  catalogs  of 
nstrument-makers,  as  it  is  to  be  presumed  that  such  men  are  well  qualified  to 
jive  directions  for  the  care  of  instruments.  Extracts  reproduced  word  for 
vord  are  placed  in  quotation-marks;  but  as  it  is  impracticable  to  credit  each 
luotation,  this  method  is  taken  of  acknowledging  the  author's  indebtedness, 
sspecially  to  the  firms  of  C.  L.  Berger  &  Sons  and  Young  &  Sons. 

^1 
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Every  precaution  should  be  taken  to  guard  the  pwot  and  keep 
it  sharp. 

5.  Do  not  ]oTce  screws  or  other  movable  parts  (^  an  in- 
strument. 

6.  Do  not  continue  to  use  slides  or  centers  which  are  fretting. 
If  an  instrument  has  met  with  a  fall,  bending  the  centers,  it 
should  not  be  revolved  imtil  repaired,  lest  still  further  injury  be 
done. 

7.  Do  not  allow  oil  or  grease  to  remain  on  exposed  parts,  for 
it  will  gather  dust. 

8.  Do  not  rub  lenses  with  silk  or  muslin.  Avoid  rubbing  them 
altogether;   use  a  brush  for  removing  dust. 

9.  Do  not  set  an  instrument  on  a  smooth  floor  without  proper 
precautions;  the  tripod-legs  are  apt  to  open  out  and  to  let  the 
instrument  fall. 

10.  Do  not  carry  an  instrument  on  the  shoulder  through  a 
doorway  or  in  any  place  where  it  is  likely  to  get  bumped. 

11.  Do  not  take  instruments  apart  lumecessarily.  "Even 
when  fittings  are  perfect  it  often  requires  care  and  experience 
to  place  them  together  properly.  A  screw  left  loose  or  one 
tightened  too  hard  may  interfere  with  the  correct  working  of 
the  instrument." 

12.  Do  not  let  a  "high"  level  rod  down  on  the  run,  or  lean 
the  rod  against  a  tree,  or  leave  it  in  any  other  position  where  it 
is  likely  to  fall. 

13.  Do  not  pull  on  a  steel  tape  when  there  is  a  kink  in  it, 
or  jerk  it  needlessly,  or  step  on  it  when  it  is  on  soft  ground,  or 
allow  vehicles  to  run  over  it,  or  bend  it  into  sharp  comers. 
If  a  tape  gets  wet  do  not  put  it  away  without  wiping  it  dry. 

14.  In  using  a  plane-table  do  not  start  to  carry  it  until  the 
little  compass-box  and  other  accessories  have  been  removed. 

A  FEW  PRECAUTIONS. 

1.  In  carrying  an  instrument  set  all  clamps  lightly  to  prevent 
needless  wear,  yet  loose  enough  so  that  if  the  parts  are  bumped 
they  will  yield. 

2.  In  carrying  the  transit  or  the  level  a  long  distance,  it  is 
better  to  put  it  in  its  box;  but  be  careful  that  there  is  no  loose- 
ness in  the  resting-blocks  or  in  any  of  the  parts  of  the  Instm- 

ment  itself. 
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8.  In  packing  an  instrument  for  shipment  ft  Is  best  to  fill 
in  the  hollow  spaces  with  paper  or  excelsior,  and  to  put  the 
instrument-box  in  another  box  about  an  inch  larger  all  around. 

4.  When  a  telescope  is  not  in  use  keep  the  cap  over  the  lens. 

5.  Keep  the  hands  off  the  vertical  circle  and  other  ex^K)sed 
graduations  to  avoid  tarnishing. 

6.  In  case  of  rain  when  there  is  no  waterproof  bag  at  hanc^ 
turn  the  telescope  object-end  up  with  the  cap  over  the  lens  to 
keep  the  water  out. 

7.  After  an  instrument  has  been  exposed  to  moisture,  wipe 
it  dry  before  putting  it  away. 

8.  *To  protect  an  instrument  from  the  effects  of  salt  water, 
when  used  near  the  sea-coast,  a  fine  film  of  watch-oil  rubbed 
over  the  exposed  parts  will  often  prevent  the  appearance  of 
oxide.  To  remove  such  oxide-spots  as  well  as  possible,  apply 
some  watch-oil  and  allow  it  to  remain  for  a  few  hpurs,  then 
nib  dry  with  a  soft  piece  of  linen.  To  preserve-the  outer  appear- 
ance of  an  instrument,  never  use  anything  for  dusting  except  a 
fine  cameFs-hair  brush.  To  remove  water  and  dust  spots,  first 
use  the  camelVhair  brush,  and  then  rub  off  with  fine  watch-oil 
and  wipe  dry;  to  let  the  oil  remain  would  tend  to  accumulate 
dust  on  the  instrument." 

591.  Steel  TApes.  Care,  Wipe  tapes  clean  and  dry 
after  using.  To  remove  rust,  rub  with  oil  and  fine  sand 
or  emery.  On  the  better  class  of  tapes  use  a  little  mineral  oil 
instead,  as  sand  or  emery  is  likely  to  efface  the  etchings.  Some 
simple  device  for  holding  the  tape  is  useful  when  one  person 
does  the  scouring.  (See  Engineering  Netos,  March  9,  1899  and 
February  22,  1900.) 

(a)  Riveting  a  broken  tape.  One  of  the  best  devices  on 
the  market  for  mending  broken  steel  tapes  is  an  eyelet  tool. 
This  consists  of  a  punch  for  cutting  holes  in  the  tape  and  a 
set  which  clinches  or  sets  the  eyelets  used  as  rivets.  A  piece 
of  scrap-tape  an  inch  or  two  in  length  is  needed  to  serve  as  a 
eplice;  if  possible  this  should  be  of  the  same  width  as  the  broken 
tape,  and  with  the  same  graduations.  Lay  one  end  of  the  tape 
on  the  splice,  taking  care  to  match  the  graduations  if  the  tape 
is  fully  graduated.  Clamping  the  two  pieces  together,  punch  a 
hole  about  half  an  inch  back  from  the  broken  end  and  set  the 
eyelet  or  rivet  as  soon  as  the  hole  is  puncher!.  Usually  one  addi- 
tionaL  rivet  will  be  needed.    If  the  tape  is  wide  tVie  \>no  xVn^Xa 
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may  be  nt  eroeemae;  if  aaxtov  they  may  be  set  tandsm.  Uila 
the  other  broken  end  of  tbe  tape  butt  agaioat  ths  end  ainmdf 
faatened  to  the  splice  and  rivet  it  in  the  same  manner.  Aftar 
riveting,  cut  away  a  portion  of  the  original  tape  at  the  >pUe> 
by  filing  a  notch  crosswise  close  to  the  rivets  on  eaoh  side  ct  the 
joint;  slip  a  knife  under  and  break  (^  the  ends  at  the  file-marks. 
Unless  this  is  done  the  tape  is  apt  to  break  again  at  the  splice; 
In  a  similar  manner  the  ends  of  the  splice-piece  Btay  be  out  off 
close  to  the  last  rivets.  The  aplice  should  not  be  tern  than 
three  fourths  of  an  inch  long.  In  mending  a  heavy  tApe'tbe 
above  metliod  must  be  modified  by  punching  one  thicknew  at 
a  time.  Punch  one  piece,  and  then  clamping  it  to  the  other 
punch  the  second  piece  through  the  holes  already  made  in  tht 
first.  For  thick  tapes  solid  copper  rivets  fastened  with  s  ham- 
mer may  be  used  in  place  of  eyelets. 

(5)  Soldering  a  broken  tape.  Another  good  method  of 
mending  a  tape  is  to  wrap  a  small  strip  of  copper  around  tlw 
broken  joint  and  to  fasten  it  with  soft  solder.  Tbe  outfit  required 
consists  of  a  small  soldering-iron  or  a  blowpipe,  some  flux  and 
solder,  small  flat-nosed  pliers,  a  Hmall  flat  file  and  a  [nece  of 
emery  cloth. 

Clean  the  broken  ends  with  the  emery  cloth  until  the  surfacei 
are  bright,  moisten  with  flux,  melt  a,  small  piece  of  sobier, 
spread  it  on  both  aides  of  the  tape,  and  wipe  the  solder  with  t 
piece  of  clotfa  while  the  tape  ia  still  hot.  Both  of  tbe  brpba 
ends  having  been  tinned  in  this  way,  clean  one  side  of  the  «^ 
per  strip  with  the  emery  cloth  and  give  it  a  similar  coating. 
Bring  the  broken  ends  in  perfect  contact,  put  on  the  copper 
sleeve,  slowly  heat,  and  when  the  solder  is  hot  enough  to  run 
clamp  the  joint  with  the  pliers  for  a  moment.  When  cool  trim 
the  copper  sleeve,  filing  off  any  solder  that  may  lemun  Ml  tbe 
outside,  and  polish  the  joint  with  the  emery  cloth. 


fted  ta  follows;  Cut  fl  slrip  of  tin  nbout  j  ineh  15  |  inch  aide  |k  pi«iv  trvm 
-in  old  tin  WD  will  soswrr  the  purpose),  and  of  :^utli  n  irnetli  tlml  it  wil 

.lot  the  edge,  llnino  one  end  of  the  (ape  as  a  "form,"  bend  liw  strip.bH 
a  ale^e,  inMrt  tlic  bruken  cmta  of  (tic  Tape  uniil  by  meacutinK  b«na 
padualion-mHrks  they  ate  known  to  be  in  perfect  contaot.  olBinp  tin  Arm 
Uehtly  about  the  Upe  willi  the  plipra,  heal  (lie  joint,  and  pm  iiiinaul 
flux  on  to  nm  uoder  Ilie  sleeve.  Hold  thi'  Kldec  on  until  H  has  mritrd 
tod  raa  undsr  and  about  the  aleave.  then  allow  it  (o  odoI  wiUumt  vn* 
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ment  of  the  ends  of  the  tape.  A  number  of  sleeves  may  be  made  in  advanee; 
and  these,  together  with  solder,  stick-flux,  a  candle  for  heating  the  tape, 
a  small  flat  file,  and  a  pair  of  pliers,  form  an  outfit  which  can  be  earned 
in  the  pocket.  Tapes  can  be  mended  in  this  manner  in  a  few  minutes  and 
will  stand  fdl  a  man  can  pull.  (3)  Sleeves  should  not  be  more  than  say,  | 
inch  wide.  If  the  break  is  a  Ions  one  use  a  piece  of  old  tape  and  two  sleeves. 
Too  long  a  sleeve  interferes  with  the  pliability  of  the  tape. 

(c)  Emergency  repairs.  There  are  several  methods  of 
mending  a  broken  tape  in  the  field  when  no  outfit  for  riveting 
or  soldering  is  at  hand. 

The  stick-splice.    A  chain  tape  may  be  spliced  temporarily 
as  follows:    Secure  a  roimd  stick   about  4  in.  long  and  i  in. 
In  diameter,  and  split  it  lengthwise,   making  two  half-round 
pieces.     Across  the  fiat  side  of  one  of  these  pieces  and  equidis' 
tant/rom  the  two  ends  cut  two  notches  about  }  in.  apart,  J  in. 
deep,  and  at  right  angles  to  the  axis  of  the  stick.     Bend  I  in. 
of  each  of  the  broken  ends  of  the  tape  at  right  angles  to  fit  the 
notches  in  the  stick,  taking  care  that  when  these  ends  are  in- 
serted in  the  notches  the  graduations  shall  be  the  proper  distance 
apart.     Complete  the  splice  by  placing  the  other  half-round  stick 
with- its  flat  side  against  the  tape  to  hold  the  ends  in  place,  and 
binding  the  two  halves  together  with  stout  string  so  that  they 
are  almost  as  they  were  before  the  stick  was  split.     Trim  each 
end  of  the  stick  to  slope  like  a  sharpened  pencil,  so  that  it  wi"' 
not  catch  in  the  brush.     Such  a  splice,  made  in  a  few  minute^^ 
will  frequently  last  several  days,  or  until  more  permanent  repairs 
can  be  made. 

Rough  riveting.  Tapes  may  be  roughly  riveted  as  foUows; 
Drive  a  damhjg-needle  through  a  thick  piece  of  wood,  allowing 
each  end  to  project.  The  needle,  supported  by  the  wood  through- 
out most  of  its  length,  may  then  be  used  as  a  pimch.  The  broken 
ends  of  the  tape  may  be  riveted  to  the  splice-piece  with  large 
pins  cut  off  and  hammered  down,  or  they  may  be  laced  together 
with  fine  wire;  the  lacing  should  be  continued  until  the  holes 
are  filled  with  the  wire,  and  then  it  should  be  smoothed  and 
pressed  down  with  pliers  or  with  two  blocks  of  wood.  Tapping 
the  wire  with  a  hammer  is  likely  to  break  the  tape. 

592.  Lubricants.  Watch-oil,  vaseline,  and  rendered  mar- 
row are  all  used  for  lubricating  different  parts  of  surveying 
instruments.  For  most  purposes  watch-oil  is  the  best.  (See 
Care  of  Centers^  p.  618,  for  the  advantages  and  disadvan- 
"tages  of  different  lubricants.)  The  tendency  is  to  use  lubri- 
cants too  freely.     As  a  rule  any  part  which,  has  Vi^fc\v.  cs^'^^ 
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should  be  wiped  off  clean;  enough  oil  will  remain  after  an  efifort 
has  been  made  to  remove  it.  No  part  exposed  to  the  durt 
should  be  greased.  Before  applying  oil  make  sure  that  all  dnii 
or  foreign  matter  has  been  removed  from  the  part  to  be  oiled. 

593.  To  Clean  Screws  and  Screw-holes.  Screws 
may  be  washed  in  soap  and  water  applied  with  a  stifiP  tooth- 
brush, then  oiled  and  wiped  clean.  The  inside  of  nuts  and  other 
threaded  holes  may  be  cleaned  by  screwing  through  the  hole 
a  piece  of  soft  wood  with  two  sides  thinned  down,  applying  a 
littb  oil  and  removing  it  in  the  same  manner.  Unless  the  oil 
or  grease  is  almost  wholly  removed  the  screw-threads  are  likely 
JO  be  injured  by  dust  adhering  to  the  screw. 

594.  Verniers  and  Graduated  Arcs.  The  first  rule  iu 
cleaning  graduated  arcs  is  to  avoid  rubbing  the  edge  of  the 
graduations.  Every  precaution  should  be  taken  to  proteft 
the  edges,  for  if  they  become  worn  or  injured,  the  value  of  the 
entire  instnunent  is  greatly  lessened.  "To  remove  dirt  and 
oxide  that  may  have  accumulated  on  the  surface  of  a  solid  silver 
graduation,  apply  some  fine  watch-oil  and  allow  it  to  rem^n 
for  a  few  hours;  take  a  soft  piece  of  linen  and  rub  lightly 
until  dry,  but  without  touching  the  edge  of  the  graduation.  If 
after  cleaning  the  solid  silver  surface  should  show  alternately 
brighter  spots,  which  would  interfere  somewhat  with  the  accu- 
rate reading  of  the  graduation,  barely  moisten  the  finger  with 
vaseUne  and  apply  the  same  to  the  surface;  then  wipe  the 
finger  dry  and  lightly  rub  it  once  or  twice  around  the  gradu- 
ation. Avoid  touching  the  edges  as  much  as  possible.  Such 
cleaning,  however,  must  be  resorted  to  only  when  absolutely 
n'^cessary,  and  then  only  with  the  greatest  care,  as  it  is  apt  to 
reduce  the  minuteness  of  the  graduation  and  to  spoil  its  fine 
appearance.  If  after  such  cleaning  dirt  and  grease  have  accu- 
mulated on  the  inner  edge  of  the  graduation  and  verniers,  gently 
wi|x*  clean  before  restoring  the  vernier-plate  to  place."  Before 
applying  oil  or  vascUne  to  graduations  brush  all  dust  from  the 
surface  with  a  camcl's-hair  brush.  Scouring  the  .surface  with 
any  form  of  silver  polish  may  seriously  injure  the  graduaticms. 

595.  Compass-needles.  To  balance  the  needle.  If  the 
needle  is  only  a  trifle  out  do  not  meddle  with  it,  as  there  is  dan- 
ger of  doing  more  harm  than  good;  but  if  the  compat*  needle 
requires  to  be  balanced,  proceed  as  follows:  Remove  U  e  glass 
cover  by  unscrewing  the  ring  which  holds  it,  or  in  sonce  instru- 
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ments,  by  gently  prying  ofiP  the  ring  with  a  knife  where  the 
two  ends  come  together.  '  Raise  the  needle  off  its  pivot  by  the 
lifter  and  remove  it  with  a  pair  of  tweezere.  Shift  the  weight- 
coil  slightly  and  replace  the  needle  on  the  lifter,  then  use  the 
latter  to  lower  it  to  place.  If  the  needle  is  removed  directly 
from  the  pivot  or  replaced  without  using  the  lifter,  the  delicate 
pivot-point  is  apt  to  be  injured.  It  is  not  always  necessary  to 
remove  the  compass-glass  entirely.  Frequently,  by  means  of 
beeswax  slightly  softened,  the  glass  may  be  lifted  (after  the 
ring  has  been  removed)  just  enough  to  take  o"ut  the  needle. 

To  straighten  the  needle      {See  page  603.) 

To  remagnetize  the  needle.    This  should  not  often  be  necessary. 
It  may  be  done  as  explained  on  page  295. 

596.  Level  Bubbles  and  Tubes.  It  frequently  hap- 
pens that  the  glass  tube  of  a  spirit-level  becomes  loose  in  its 
brass  tube,  or  is  broken  and  has  to  be  replaced.  Extra  tubes 
are  often  provided  with  the  instrument.  "Upon  finding  that 
the  adjustment  of  a  spirit-level  in  an  even  temperature  is  not 
as  stable  as  desirable,  the  level  fastenings,  tube,  screws,  etc., 
should  be  examined,  to  see  if  any  of  them  are  loose.  If  the 
trouble  is  in  the  screws,  tighten  them,  but  if  the  spirit- 
level  can  be  shifted  in  its  tube  by  a  touch  of  the  finger,  take  it 
apart;  soften  the  plaster  of  Paris  in  water,  and  remove  it  with 
a  sharp-pointed  stick  of  wood.  Cautiously  move  the  spirit- 
level  with  your  finger,  at  first  only  a  trifle  to  and  fro,  increasing 
the  length  of  stroke  little  by  little,  until  it  can  be  safely  taken 
out  without  breaking; — clean  thoroughly.  Cut  pieces  of  white 
paper,  of  the  width  of  the  radius  of  the  tube,  and  somewhat 
shorter  than  the  length  of  the  spirit-level,  but  longer  than  the 
op)ening  in  the  brass  tube,  and  insert  these  in  sufficient  quantity 
at  the  bottom  of  the  brass  tube,  to  fill  up  the  space  intervening 
between  the  glass  and  the  brass  tube.  The  uppermost  layer  of 
paper  should,  however,  be  so  wide,  as  to  envelop  the  spirit- 
level  up  to  the  opening  in  the  brass  tube.  Now  insert  the  spirit- 
level,  taking  care  not  to  touch  the  glass  ends  that  are  sealed, 
and  place  the  division  or  other  marks,  indicating  where  the 
level  has  been  ground  to  a  true  curvature,  uppermost  in  the 
brass  tube.  The  level  must  be  pushed  in  with  sufficient  friction 
to  prevent  slipping  in  the  tube,  yet  not  so  tight  as  to  cause  a 
erack  at  a  subsequent  low  temperature,  as  brass  will  contract 
more  than  glass.     No  part  of  the  spirit-level  should  tovicU  ^ss?| 
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part  of  the  metal  tube.  Now  prepare  some  plaster  of  Paris 
with  water,  of  the  consistency  of  paste,  and  pour  in  at  each  end 
enough  to  fill  up  the  space  between  the  end-pieces  and  the  glass, 
stirring  it  sufficiently  to  make  a  perfect  contact  by  it  and  the 
glass  and  the  brass,  but  leaving  the  spirit-level  ends  exixised. 
Now  put  the  level  together  and  adjust  as  described  elsewhere." 
597.  Telescope,  (a)  Care  of  lenses.  '^The  lenses  of  a 
telescope  should  not  be  cleaned  too  often.  Too  frequent  wip- 
ings  will  scratch  the  glass  and  injiu*e  the  pK)lish,  which  is  more 
injurious  than  a  little  speck  of  dirt.  When  it  becomes  necessaiy 
to  clean  the  glass,  take  a  soft,  dry  piece  of  chamois-skin  or  an  old 
piece  of  linen  which  by  repeated  washing  has  become  soft.  If 
the  glass  is  very  dirty  use  a  little  alcohol,  but  be  careful  not 
to  touch  the  mounting  of  the  lens,  as  the  alcohol  dissolves  the 
lacquer.  Dirt  on  the  eyepiece  esjiedally  on  the  field-lens^  is  far 
more  objectionable  than  on  the  objective;  hence  the  former 
requires  more  frequent  cleaning.  Small  scratches  and  bubbles, 
in  the  objective  have  no  seriously  injiurious  effect,  as  they  only 
take  up  a  very  small  portion  of  light."*  Sometimes  a  film 
settles  between  the  crown  and  flint  glasses  of  the  objective. 
If  this  film  is  simply  moisture  it  can  be  evapK>rated  usually  by 
placing  the  telescope  in  the  sun  or  in  a  warm  room  some  dis- 
tance from  a  stove.  Sometimes  it  is  advisable  to  remove  the 
eyepiece  and  to  let  the  telescope  stand  with  a  cloth  over  the  open 
end,  in  order  that  the  moisture  on  the  inside  may  evaporate  more 
rapidly.  If,  however,  the  haziness  is  caused  by  a  network  of 
small  cracks  in  the  cement  between  the  two  glasses,  or  if  it 
cannot  be  removed  by  evaporation,  the  telescope  should  be 
sent  to  the  maker  or  to  an  expert.  Do  not  imscrew  the  lens 
of  the  objective  if  it  can  be  avoided.  Small  specks  of  dust  or 
lint  should  be  brushed  from  the  glass  with  a  camePs-haur  brush. 
The  glass  next  to  the  eye,  especially  in  high  powers,  frequently 
becomes  dimmed  from  moistiue  of  the  eyelash.  It  should  seldom 
be  necessary  to  wipe  the  inside  of  glasses  that  are  protected;  but 
if  the  objects  seem  dim  and  the  outside  surfaces  of  the  lenses 
seem  clean,  remove  the  eye  piece  and  look  through  it.  If  it  is  not 
clear,  examine  the  inner  end;  very  Ukely  the  surface  of  the  lens 
most  re  te  from  the  eye  needs  cleaning.  While  the  eyepiece 
is  out  la      through  the  telescope  to  see  if  the  object-glass  is 
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(b)  Care  of  the  focusing  budes.  Both  the  eyeptece  and 
the  objective  should  move  freely  for  focusing.  If  dust  or  grit 
causes  either  to  fret,  deep  scratches  are  likely  to  be  cut  in  the 
soft  raetal;  hence  the  slide  should  be  attended  to  as  soon  as 
possible  after  it  begins  to  fret.  **Once  commencing  to  fret  U 
ffroiDS  worse  rapidly,  and  oftentimes  is  then  beyond  repairing. 
Never  use  emery  or  emery-paper  on  slides  as  this  will  cause 
serious  trouble  afterward.  After  a  thorough  cleaning  of  the 
shde  and  tube  (taking  care  not  to  break  the  cross-wires), 
endeavor  to  smooth  carefully  the  injured  parts  with  the  back 
of  a  pen-knife,  and  apply  barely  enough  tallow  to  grease  the 
surface  of  the  injured  part.  If  this  does  not  remove  the  trouble, 
a  little  scraping  of  the  roughened  parts  on  the  slide,  and,  if 
accessible,  on  the  inside  of  the  tube,  nmy  become  necessary; 
then  apply  a  mere  trifle  of  finely  powdered  pumice-stone  moist- 
ened with  oil.  Replace  the  slide  and  grmd  a  little  by  moving  it  in 
and  out;  dean  thoroughlyf  and  with  a  piece  of  charcoal  moistened 
with  oil  smooth  the  parts  thus  ground  on  the  slide.  This  process 
of  grinding  is  a  most  precarious  operation,  and  generally  requires 
the  hand  of  a  skillful  workman;  it  should  be  resorted  to  only 
in  case  of  the  utmost  necessity.  Whenever  permissible,  recourse 
should  be  had  to  a  maker.  These  remarks  apply  equally  to  the 
centers." 

'To  prevent  the  focusing  slide  from  fretting,  which  is  usually 
due  to  the  rush  of  air  carrying  in  dust  and  grit  when  the  slide  is 
being  run  out  and  is  causing  momentarily  a  rarefied  space,  wrap  a 
piece  of  chamois-skin  over  the  barrel  in  th»  shape  of  a  tubular 
form  and  fasten  by  means  of  rubber  bands  or  by  sewing.  In  an 
emergency  fine  watch-oil  may  be  used  to  grease  the  slide  should 
it  continue  to  fret,  until  the  instrument  can  be  sent  to  the 
maker.  In  case  of  rain  during  non-use,  place  the  telescope 
vertical,  object  end  up,  and  no  water  can  enter  the  telescope.** 

"If  the  focusing  slide  seems  to  work  too  hard,  everything  else 
being  right,  it  is  generally  caused  by  the  lubricant  on  the  pinion 
hardening  in  cold  weather,  and  the  same  cause  may  also  make 
the  focusing  slide  work  too  freely  in  hot  weather  by  soften- 
ing, i.e.,  the  slide  will  not  stay  in  place  when  in  a  vertical  position. 
If  the  slide  moves  too  freely  it  should  be  tightened  by  running 
out  the  slide  to  its  full  length,  then  applying  a  screw-driver  to 
the  screw  on  top  of  the  focusing  screw  and  turning  a  very  small 
part  of  a  turn  until  the  required  friction  is  obt«AXk&^.    \^  >2oa 
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slide  works  too  tightly  nm  in  the  slide,  unscrew  the  top  Bcrem 
one  turn,  gently  tap  it  by  the  screw-driver  handle  to  release  it» 
and  then  tighten  to  the  required  stiffness." 

"A  great  deal  of  annoyance  is  caused  to  the  engineer  if  the  eye- 
piece or  the  object-slide  of  the  telescope  moves  too  freely  in 
its  tube,  requiring  a  refocusing  of  the  cross-wires  and  object 
at  every  revolution  of  the  telescope  in  altitude.  If  the  eye- 
piece can  be  retained  in  its  socket,  with  sufficient  friction  ta 
keep  it  focused  to  the  cross-wires,  no  matter  how  much  it  may 
wabble  otherwise,  this  imperfection  (in  old  instruments)  will 
not  lead  to  any  inaccuracy;  but  if  there  is  not  sufficient  friction 
to  keep  it  focused  to  the  wires,  a  little  rendered  tallow  or  mar^ 
row  applied  to  its  bearing-surfaces  in  most  cases  will  remedy 
this  evil.  Wabbling  in  the  object-slide,  however,  leading  to 
inaccuracy  of  coUimation,  or  back-lash  in  it-s  rack  and  pinion 
motion,  can  be  remedied  only  by  a  maker;  but  if  the  object- 
slide  moves  too  freely  in  and  out  of  its  tube  only,  this  may  be 
remedied  by  applying  a  little  tallow  to  the  bearing-parts  of 
.  the  rack  and  pinion,  or  by  tightening  the  screw  in  the  pinion- 
head.  If  not  entirely  successful,  a  thin  disk  made  of  parch- 
ment, or  a  tliin  leather-washer,  both  greased  with  tallow  and 
inserted  between  the  flanges  of  the  pinion-head  and  its  socket, 
will  insure  the  desired  result." 

Whenever  it  becomes  necessary  to  remove  the  object-^ass 
slide,  a  test  should  be  made  for  the  line  of  collimation  after  it 
is  replaced.     (See  p.  602.) 

(c)  Replacing  broken  cross-hairs.  The  whole  process  of 
replacing  broken  cross-hairs  is  very  easy,  and  can  be  carried 
out  in  less  time  almost  than  is  required  to  explain  it.  (1)  Take 
the  cross-hair  ring  out  of  the  telescope  and  clean  it.  The  fine 
scratches  which  indicate  where  the  cross-hairs  are  to  go  should 
be  plainly  visible  after  the  old  shellac  and  other  foreign  matter 
have  been  removed  from  the  surface.  Lay  the  ring  on  a  flat 
surface,  marked  side  uppermost.  (See  p.  551.)  (2)  Procure  a 
clean,  fine,  opaque  spider-web  and  stretch  it  across  the  ring 
so  that  it  coincides  with  two  of  the  opposite  scratches.  Fasten 
one  end  with  a  drop  of  shellac,  wait  for  this  to  harden,  then, 
making  sure  that  the  hair  is  stretched  tight,  fasten  the  other 
hair  in  a  similar  manner.  AUow  the  shellac  to  harden  for  several 
minutes,  cut  off  the  two  ends  of  the  web,  and  then  proceed  ia 
Ihe  same  manner  to  replace  the  other  web  if  that  too  is  broken. 
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SuggeHhna*  (1)  In  many  telescopes  it  is  necessary  to  remove  the  eye- 
piece ring  in  order  to  take  out  tlie  cross-hair  ring.  (2)  In  removing  the  cross- 
nair  ring  proceed  as  follows:  Take  out  first  the  two  aide  capstan  screws 
that  hold  the  ring  in  place,  and  loosen  sliqhUy  the  other  two  screws.  Turn 
the  ring  at  right  angles  to  its  usual  position  so  that  one  of  the  holes  fi'om 
which  a  screw  has  been  removed  is  toward  the  eye-end  of  the  telescope. 
Sharpen  a  piece  of  soft  wood  to  fit  the  hole,  and  screw  it  in  lightly  until 
it  passes  throu/^  both  lioles.  Remove  the  top  and  bottom  capstan  screws 
a,nd  take  the  nng  out  on  the  end  of  the  stick.  Leave  the  stick  in  the  ring 
to  serve  as  a  handle  while  replacing  the  cross-hairs,  and  then  use  it  after- 
trard  in  putting;  the  ring  back  in  the  telescope.  (3)  There  are  two  wai's 
>f  procunng  spider-webs — from  the  spider's  nest  or  cocoon  and  from  the 
ipider  itself.  The  best  spider-threads  are  those  of  which  the  spider  make^ 
ts  nest.  These  nests  are  yellowish  brown  balls,  which  may  be  found  han^p 
ng  on  shrubs,  etc.,  in  t!ie  late  fall  or  early  winter.  The  nest  should  be  torn 
>pen  and  the  eggs  removed;  if  this  is  not  done  the  young  spiders  when 
latched  will  eat  the  threads.  The  fibers  next  to  the  eggs  are  to  be  pre- 
erred  on  account  of  their  fineness  and  darker  color.  One  or  two  cocoons 
oay  be  kept  on  hand,  and  if  desired  they  may  be  wrapped  in  a  bit  of  paper 
tad  carrietf  in  tha  pocket,  where  they  are  always  ready.  From  the  spider's 
!oc33n  select  two  or  three  webs,  each  about  two  inches  long  and  of  the 
anie  appearance.  Attach  each  end  of  these  webs  to  a  bit  of  wood  or  wax 
o  act  as  weig'.its,  and  immerse  them  in  water  five  or  ten  minutes.  Remove 
»Qe  web  from  the  water,  and  very  g'jntly  pass  it  between  the  fore-finger 
tnd  thumb  nails,  holding  it  vertically  to  remove  any  particles  of  moisture 
»r  dirt.  Then  stretch  it  across  the  ring  as  alrt:ady  explained.  The  little 
veiic^hts  should  be  about  as  heavy  as  the  hair  will  support  in  order  to  stretch 
t  tight,  and  before  dropping  the  shellac  on  either  end  examine  the  hair 
vith  a  magnifying- glass  to  see  if  it  exactly  coincides  with  the  scratch;  if 
t  does  not,  move  it  gently  with  a  knife-pomt.  If  the  ring  is  placed  nearly 
)n  a  level  with  the  eye  and. between  it  and  the  source  of  light  (as  a  window), 
,lie  spider-web  will  glisten  and  become  plainly  visible;  otlierwise  it  is  some- 
imcs  difficult  to  see  it.  (4)  When  a  cocoon  cannot  be  procured,  a  spider 
;an  usually  be  found.  Cut  a  forked  stick  five  or  six  inches  ,long,  get  the 
jpider  on  the  end  of  one  of  the  prongs  and  gently  shake  him  off.  He 
will  usually  begin  to  spin  a  web,  and,  as  he  spins,  wind  the  web  around 
the  fork  in  such  a  way  that  no  two  strands  will  be  close  together.  If  the 
fork  is  pressed  together  a  very  little  during  the  winding  it  will  stretch 
the  webs  when  released.  When  one  strand  is  laid  across  the  ring  tlie 
forked  stick  will  act  as  a  weight  to  stretch  it  tight. 

(d)  To  REMOVE  DTT8T  FROM  CROSS-HAIRS.  Take  out  the  eye- 
piece or  object-glass  (or  both  if  necessary)  and  blow  gently 
through  the  tube.  Cover  up  both  ends  and  wait  a  few  minutes 
before  putting  back  the  eyepiece  or  object-glass.  If  the  object- 
glass  is  removed,  a  test  should  be  made  for  the  line  of  collima- 
tiou  (see  p.  602.)  Unless  the  small  particles  of  dust  are  on  such 
a  part  of  the  web  as  to  interfere  with  its  use  it  is  preferable  to 
allow  them  to  remain. 

598.  Care  of  Tripods.  "Legs  of  tripods,  if  fitting  too 
loose  or  too  tight,  and  dull  shoes  are  frequent  sources  of  falls. 
The  test  of  the  proper  degree  of  tightness  of  the  legs  is  this, 
that  if  the  leg  is  raised  to  a  horizontal  position  and  left  free,  it 
should  gradually  sink  to  the  ground.  If  it  drops  abruptly  it 
is  too  loose;  if  it  does  not  sink  it  is  too  tight."  The  nuts  will 
need  adjustment  after  a  period  of  dry  or  damp  weather  or  after 
the  tripod  has  been  kept  in  the  dry  atmosphere  ol  a  tooux.    ^\si^ 
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steel  shoes  will  loosen  from  wear  and  tear  unless  the  screws  an 
tightened  from  time  to  time.  Keep  them  somewhat  sharp,  for  tiie 
greater  the  hold  on  the  ground  and  the  more  carefully  the  screws 
are  tightened,  the  steadier  the  instrument.  When  •  the  tripod 
becomes  wet  wipe  dry  and  renew  the  varnish  whenever  necessary. 

599.  Care  of  Centers,  Spindles,  and  Sockets.  These 
should  be  cleaned  and  oiled  occasionally,  the  oil  being  wiped 
off  with  a  soft  cloth  or  chamois-skin.  The  outer  spindle  of  a 
transit  will  need  more  attention  than  the  inner  spindle,  and 
the  two  plates  should  not  be  taken  apart  unless  it  is  necessary. 
So  long  as  centers  work  freely  it  is  best  not  to  disturb  them. 

"The  centers  of  a  transit  should  always  be  lubricated  with 
fine  watch-oil  only,  and  after  a  carefid  cleaning;  never  apply 
fresh  oil  before  thoroughly  wiping  off  old  grit  and  oil.  Rendered 
marrow  is  a  most  excellent  lubricant  for  instruments  made  of 
brass  and  the  many  kindred  alloys  of  copper  and  tin.  In  the 
varying  climes  of  oiu*  northern  latitudes  this  lubricant  becomes 
rigid  in  cold  weather,  and  an  instrument  so  treated  will  often 
become  unmanageable  in  the  field.  Its  application,  particu- 
larly to  the  centers  of  a  transit,  is  therefore  restricted  to  tHe 
warmer  zones.  The  use  of  watch-oil  for  the  finer  parts  of  an 
instrument,  involving  freedom  of  motion,  is  imperative  in  our 
latitudes  J' 

"Many  parts  of  an  instrument,  especially  those  whose  metal 
compositions  are  closely  related  to  each  other,  may  sometimes 
cause  trouble  if  simply  oiled.  If  they  begin  to  fret  and  grind, 
but  are  otherwise  free  from  grit,  etc.,  the  judicious  application 
of  a  little  marrow  may  prove  very  beneficial,  but  it  should  be 
cleaned  off  again  as  much  as  possible.  The  rack  and  pimon 
motion  and  the  telescope  clamp  should  always  be  greased  with 
marrow,  but  the  clamp-,  tangent-,  and  levelingnscrews  should 
receive  as  little  of  it  as  possible  in  the  Northern  States." 

"Vaseline,  not  having  as  great  a  tendency  to  rigidity  under 
similar  circumstances,  may  prove  an  excellent  substitute  for 
marrow,  and  may  often  be  applied  to  level-centers,  where  watch- 
oil  would  not  give  the  necessary  rigidity  in  the  use  of  the  more 
ordinary  instruments,  but  it  must  be  renewed  quite  often.  la 
the  finer  class  of  leveling  instruments,  the  centers  should  be 
lubricated  with  oil  only,  as  in  transits." 

Sockets  may  be  cleaned  with  a  stick  of  about  the  same  taper, 
around  which  wash-leather,  soaked  in  oil.  has  been  maippsd, 
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the  final  cleaning  bdng  done  with  fresh  pieces  of  the  leather 
fmthoui  the  oiL 

(tt)  '*  Fretting  of  centers  should  be  treated  in  the  same  way 
as  fretting  of  the  slide  to  the  telescope,  if  unable  to  stop  it, 
temporary  relief  may  be  found  on  placing  between  the  shoulders 
of  the  centers  a  washer  of  thin  paper  or  thin  card.  There  will 
then  be  a  shake  in  the  center,  but  this  is  a  lesser  evil  than  the 
entire  loss  of  the  use  of  the  instrument." 
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DETERMINATION  OF  A  MERIDIAN  BY  SOLAR  OBSERVATION 

In  this  appendix  three  methods  of  determining  a  meridian  are  explained 
viz.:  (1)  Method  of  suigl^  altitnde  by  direct  observation  on  the  sun.  (2) 
Method  involving  the  use  cf  the  solar  aUachment.  (3)  Meth-nil  of  eauat 
tiititudes  of  the  sun  or  of  a  star.  In  each  case  the  method  of  procedure 
is  given  in  detail^  so  that  it  may  be  easily  followed  by  any  one  who  is  accus- 
tomed to  the  use  of  survesnng  instruments  and  wIk  has  a  knowledfse  oi 
spherical  trigonometry.  All  three  methods,  howc'^er.  will  be  underslood 
better  if  studied  in  connection  with  a  course  in  field  a  tronomjr.  Go  pafse  632 
two  common  and  very  simple  methods  of  dete  minin.^  latitudes  are  oui* 
lined. 

600.  The  Astronomical  Triangle.  When  the  sun  ia 
the  only  heavenly  body  observed,  the  celestial  sphere  may 
be  considered  to  have  a  radius  equal  in  length  to  the  distaooe 
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Fio.  600. 

from  the  earth  to  the  sun.    If  the  axis  of  the  earth  li  pioduoed 
IndeGnitely  it  will  intersect  the  celestial  sphere  In  a  point  called 
the  celestial  pole  represented  by  P  vn  ?ie>  600l    If  a  line  Ifooi 
620 
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the  center  of  the  earth  through  any  point  on  its  surface  is  pro- 
duced indefinitely  it  will  pierce  the  celestial  sphere  in  the 
zenith  for  that  point,  and  hence  observers  at  different  points 
will  have  different  zeniths,  but  the  celestial  pole  is  the  same 
for  alL  If  in  Fig.  600,  Z  is  the  zenith  for  an  observer  at  0 
then  the  circle  &"ENW  is  the  horizon.  The  arc  EBDW  rep. 
resents  the  cdesticd  equator^  cut  from  the  celestial  sphere  by  8 
plane  passed  through  the  equator  of  the  earth.  In  the  northern 
hemisphere  the  sun  is  always  north  of  the  equator  (between 
it  and  the  pole)  from  March  21  to  September  21,  and  always  south 
of  it  between  September  21  and  March  21.  The  angular  distance 
from  the  equator  to  the  sun  at  any  given  moment  is  the  sun's 
declination  for  that  moment,  positive  if  north,  negative  if  south. 
Thus  if  the  sun  is  at  /S  in  Fig.  600,  the  decb'nation  north  (or  posi- 
tive) is  the  arc  BS;  if  the  sun  were  at  S'  the  declination  south 
(or  negative)  is  BS'.  The  great  circle  S'^ZPN,  etc.,  is  the 
meridian  for  the  point  on  the  earth's  siu*face  for  which  Z  is  the 
zenith.  For  any  given  day  the  sun  appears  to  move  in  a  circle 
which  is  approximately  parallel  to  the  equator.  Thus  for  the 
particular  day  represented  in  the  figure  the  sun  rose  at  7?  is  now 
at  S,  at  noon  it  will  be  at  M,  and  will  set  at  Q,  (Suppose  that 
the  day  is  in  May.  Will  the  apparent  path  of  the  sun  on  the 
following  day  be  nearer  or  farther  from  the  celestial  equator? 
Does  the  apparent  path  of  the  sun  ever  coindde  approximately 
with  the  celestial  equator?) 

Remark.  It  is  important  to  fix  in  mind  the  algebraic  signs  oorrespondiiig 
to  north  and  south  declinations,  vis.,  north  +•  south  — . 

The  spherical  triangle  ZP8  b  called  the  astronomical  triangle. 
For  any  given  point  on  the  earth's  surface  the  side  ZP  is  always 
the  same,  but  the  other  two  sides  are  always  changing,  ZS 
depending  upon  the  time  of  day  (or  altitude  of  sun)  and  PS  on 
the  time  of  year  and  day  (or  decUnation  of  sun). 

ZP= 90** -Latitude; 
Z5  =  90° -Altitude; 
P/S  =  90°  -  DecUnation. 

llie  altitude  HS  can  be  measured^  the  declination  BS  can 
be  ascertained  from  the  Nautical  Almanac,  and  if  the  latitude  PN 
of  the  place  of  observation  is  known  the  astronomical  triangle 
ean  be  solved  lor  the  angle  SZP.  This  angle  is  the  anggtar 
distance  of  the  sun  from-t^^  meniian  at  the  tvocv^  oi  \3gi&  Oqskk^ 
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vation;  hence  if  a  transit  is  at  0  and  is  pointed  at  the  sun,  ths 
angular  distance  of  the  line  of  sight  from  the  north  can  be 
found,  for  it  is  equal  to  NOH,  equal  to  the  computed  an^  8ZP, 
When  this  angular  distance  has  been  determined  it  is  a  simple 
matter  to  convert  it  into  bearing  or  azimuth.  (See  p.  37S) 
The  line  of  sight  to  the  sim  may  now  be  used  as  a  reference  Ime 
for  calculating  the  bearing  of  other  lineS;  or,  if  desired,  a  meridian 
may  be  established  by  turning  off  the  bearing  (or  asimuth) 
right  or  left  as  the  case  may  be. 

It  Is  evident  that  the  astronomical  triangle  can  be  used  to 
determine  other  quantities.  For  example,  the  three  sides  being 
known  as  above,  the  angle  ZPS  (called  the  hour  angle)  can  be 
computed;  this  is  the  angular  distance  of  the  sun  from  the 
meridian  and  is  easily  converted  into  time  of  day.  FrcMn  this 
the  longitude  can  be  found  by  comparing  with  Greenwich  time. 
Likewise  if  the  time  of  observation  (hour  angle  ZPS)  and  the 
sun's  declination  are  known  and  the  altitude  is  measured,  the 
side  ZP  may  be  computed,  and  hence  the  latitude  PN  of  the 
place  of  observation  ascertiained. 

Question.    What  arc  in  Fig.  600  corresponds  to  the  time  of  dayt 

601.  The  5un*8  Declination  is  continually  changing  at 
rates  varying  from  about  zero  seconds  per  hour  cm  June  22 
and  December  22,  to  almost  one  minute  of  are  per  hour  on 
Biarch  22  and  September  22.  In  two  of  the  methods  discussed 
in  this  appendix  the  declination  is  required  at  the  time  of  the 
observation.  In  the  American  Ephemeris  and  NauHcal  Almanac, 
published  by  the  Bureau  of  Equipment,  U.  S.  Navy  Department, 
the  apparent  declination  of  the  sun  is  given  for  every  day  in 
the  year  at  the  instant  of  Greenwich  Mean  Noon.  The  rate  of 
change  or  difference  for  one  hour  is  also  given,  so  that  if  the 
number  of  hours  that  have  elapsed  from  Greenwich  Mean  Noon 
to  the  time  of  observation  is  known,  the  change  in  declination 
is  easily  computed  and  applied  as  a  correction  to  the  declination 
given  in  the  almanac. 

(a)  Standard  time.  In  the  United  States  watches  are  usoally  set  to 
keep  '  'standard  time."  There  are  four  time  belt«.  The  eoMtem  belt  ex- 
tends from  the  Atlantic  Ocean  to  an  irregular  line  drawn  from  Detroit,  Mich^ 
to  Charleston,  S.  C;  the  central  belt  from  the  last-named  fine  to  an  irreini- 
lar  line  drawn  from  Bismarck,  N.  D.,  to  the  mouth  of  the  Rio  Gruoe: 
the  mountain  belt  from  the  last-named  line  to  the  western  bomuiary  of 
Montana,  Idaho,  Utah,  and  Arizona;  the  tpeaterii  bdt  trom  the  laeC 
fine  to  the  Pacific  coast.  The  difference  in  tfme  between  adjoining 
ig  oae  hour.    The  time  in  the  eaalem  belt  ti  that  of  the  t5Ch 
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i^.,  it  ia  noon  (standard  time)  in  this  belt  5  hours  after  it  is  noon  at  Green* 
wich;  in  the  central  belt  the  time  is  that  of  the  00th  meridian,  or  6  hours 
slow;  in  the  mountain  belt  the  time  is  that  of  the  105th,  or  7  hours  slow:  in 
the  western  belt  the  time  is  that  of  the  120th  meridian,  or  8  hours  slow. 
The  true  local  time  at  any  place  will  be  faster  or  slower  than  standard  (or 
watch)  time  as  the  place  is  east  or  west  of  the  time  meridian.  Thus  the 
tiue  local  time  at  Boston,  Mass.,  is  about  16  minutes  faster  than  standard 
time,  while  at  Buffalo,  N.  V.,  it  is  about  16  minutes  slower,  the 75th  meridian 
being  approximately  half-way  between  those  two  cities.  lx)cal  and  standard 
time  nearly  agree  at  Denver,  Colo.,  as  Denver  is  almost  on  the  105th  meridian. 

(6)  To  look  up  the  declination.  (1)  Add  to  the  standard 
(or  watch-time)  of  the  observation  5,  6,  7,  or  8  hours,  according 
to  the  time  belt  in  which  the  place  of  observation  is  located. 
The  result  is  the  Greenwich  time  of  observation.  (Since  obser- 
vations in  the  U.  S.  should  not  be  taken  before  8  a.m.,  the  Green- 
wich time  of  observation  will  be  at  least  an  hour  past  noon.) 
(2)  Look  up  the  sun's  apparent  declination  at  Greenwich  Mean 
Noon  for  the  month  and  day  of  the  observation.  (3)  To  this  declin- 
ation add  algebraically  a  correction  for  the  change  in  declination 
between  Greenwich  Mean  Noon  and  the  Greenwich  time  ol 
observation.  This  correction  is  found  by  multiplying  the  differ- 
ence for  one  hour  given  in  the  table  by  the  Greenwich  timi 
(in  hours)  of  the  observation. 

Illustration.  The  time  of  an  observation  at  New  HaveK,  Conu..  was, 
according  to  the  watch,  930  a.m.  on  May  20,  1&07,  hence  the  Greenwich 
time  was  2.30  p.m.  on  the  same  day.  The  sun's  apparent  declination  as 
given  in  the  almanac  for  Greenwich  Mean  Noon  on  May  20  is-f  19"  47'  38."  1 
and  the'^change  per  hour  is  +32  ."06,  hence  the  declination  at  the  time  of 
t  \e  observation  or  230  p.m.  Greenwich  time  was  (2^X32.05)  + 19°  47'  38."1  — 
-f- 19°  48'  58."2. 

Illustration.  The  time  of  an  observation  at  Chicago,  111.,  was  2.30  p.m., 
Oct.  15,  1907,  hence  the  Greenwich  time  was  8.30  p.m. 

The  sun's  apparent  declination  for  Greenwich  Mean  Noon  Oct.  15  was 
—  8°  11'  29.5",  and  the  change  per  hour—  55.83'  ,  hence  the  declination  ai 
the  time  of  the  observation  (8.30  p.m.  Greenwich  time)  vas  (  —  55"  .83  X8.5)  4 
(-8°  11'  29.5")=  -8°  19'  24.1". 

602.  Refraction.  On  account  of  refraction  the  sun  ap- 
pears to  be  higher  than  it  really  is.  Hence  all  vertical  angles 
found  by  sighting  at  the  sun  should  be  reduced  by  subtract- 
ing the  correction  for  refraction.  It  will  be  seen  from  the 
following  table  that  the  nearer  the  sun  is  to  the  horizon  the 
greater  the  correction  for  refraction.  Below  say  20  or  30°  the 
correction  for  refraction  is  very  uncertain,  and  hence  any  obser- 
vations depending  principally  upon  a  single  altitude  of  the  sun 
should  be  taken  only  after  the  sun  is  from  20  to  30®  above  the 
horizon.  The  correction  for  refraction  varies  with  the  tem- 
perature, height  of  barometer,  etc.  The  following  mean  values 
for  a  temperature  of  50®  F.  and  barometer  reading  of  29.9  inches 
are  taken  from  Hayford's  Geodetic  Astronomy. 
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MEAN  REFRACTION  CORREOIIONS. 


Altitude. 

Correction. 

Altitude. 

Correction. 

Altitude. 

Correctioo 

0° 

34'  08" 

16° 

3'  20" 

40° 

r  w/^ 

6° 

O'  62" 

17° 

3'  08" 

48' 

or  68" 

10° 

6'  19" 

18° 

2'  57" 

60° 

or  49" 

11° 

4'  51" 

19° 

2'  48" 

56° 

0'40" 

12° 

4'  27" 

20° 

2^  39" 

60° 

0'34" 

13° 

4'  07" 

25° 

2^  04" 

70° 

0'21" 

14° 

3'  49" 

30° 

r  41" 

80° 

or  10" 

15° 

3' 34" 

36° 

1'  23" 

90° 

<y  0" 

603.  Determination  of  the  Meridian  by  the  S«n*8 
Altitude.  This  method  may  be  divided  into  two  parts: 
(1)  The  observation  or  the  measurement  of  the  sun's  distance 
above  the  horizon.  (2)  The  computation  or  the  solution  of 
the  spherical  triangle  to  find  the  angle  SZP  (see  p.  620). 

(a)  Method  of  procedure  for  the  observation.  (1)  Set 
up  the  transit  over  some  point  M,  and  with  verniers  set  at  zero 
backsight  on  some  point  N,  The  line  MN  may  be  any  con- 
\enient  line,  the  object  of  the  observation  being  to  find  the 
true  azimuth  of  some  line  of  reference,  thus  establishing  in- 
directly the  direction  of  a  true  meridian. 

(2)  Loosen  the  upper  clamp  and  foresight  on  the  sun,  bringing 
its  image  tangent  to  the  cross-hairs  in  the  lower  left-hand  quad- 
rant as  shown  in  Fig.  603.  Head  and  record  the  horizontal  and 
vertical  angles  and  note  the  time  of  the  observation. 

(3)  Loosen  the  upper  clamp,  plunge  the  telescope  and  again 
foresight  on  the  sun,  but  this  time  bring  the  image  tangent  to 


Fia.  603. 


Fio.  603  a. 


the  cross-hairs  in  the  upper  right>-hand  quadrant  as  shown  in 
Fig.  603(a).  Read  and  record  the  horizontal  and  vertical  angles, 
and  note  the  time  of  the  observation. 

The  mean  horizontal  angle,  the  mean  vertical  an^,  and  the 
mean  time  of  observation  as  found  from  the  results  obtained  in 
steps  (1)  and  (2)  will  be  used  in  computation  as  explained 
farther  on. 
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Practical  snggeationa.  (1)  If  observations  are  taken  too  early  in  the 
morning  (before  the  sun  reaches  an  altitude  of  at  least  20  to  30°)  the  cor- 
rection for  refraction  will  be  large  and  uncertain,  Wiiile  if  they  are  taken 
too  near  noon  the  altitude  of  the  sun  is  changing  too  slowly  and  the  astrono- 
mical triangle  becomes  poorly  proportioned  Tor  definite  results.  Hence 
the  best  time  of  day  for  observations  is  from  8  to  10  ajm.  or  from  2  to 
4  P.M.;  they  should  never  be  taken  within  an  hoiu*  of  noon.  (2)  In  deter- 
mining the  meridian  for  any  survey  it  is  well  to  set  up  over  a  regular  sta- 
tion and  backsight  on  some  other  distant  station,  thus  making  the  refer- 
ence Une  MN  coincide  with  one  of  the  main  Unes  of  the  survey.  (3)  In 
setting  up,  level  the  instrument  with  great  care^  using  the  level  under  the 
telescope  for  the  final  test  in  at  least  two  positions  at  right  angies  to  each 
other.  Of  course,  the  instrument  should  be  in  good  adjustment.  If  the 
vernier  of  the  vertical  circle  is  not  adjustable  do  not  forget  to  record  the 
amount  and  sign  of  the  index  error  (see  p.  98).  (4)  The  object  in  sight- 
ing at  the  sun  twice,  once  with  the  telescope  normal  and  once  with  it  re- 
versed, is  to  eliminate  instrumental  errors.  The  object  in  bringing  the 
cross-hairs  tangent  to  the  sun's  image  first  in  one  quadrant  and  then  in  the 
opposite  quadrant  is  to  avoid  the  error  which  might  occur  in  attempting 
to  sight  directly  at  the  sun's  center  as  judged  by  the  eye.  Of  course  the 
time  between  the  two  observAtions  should  be  as  short .  as  possible,  yet 
there  is  no  need  of  undue  haste.  No  appreciable  error  will  occur  if  the 
pointings  are  not  more  than,  say,  two  or  three  minutes  apart.  (6)  As  a 
further  precaution  both  the  A  and  B  verniers  on  the  limb  may  be  read  to 
eliminate  errors  of  eccentricity,  as  is  done  in  triangulation.  (See  p.  105). 
Likewise  if  there  are  two  verniers  on  the  vertical  circle  the  two  readings 
may  be  noted.  (6)  Prismatic  eyepieces  with  colored  shades  are  furnished 
with  transits  for  use  in  solar  observations.  If  no  such  eyepiece  is  at  hand 
and  the  telescope  has  an  erecting  eyepiece,  proceed  as  follows:  Point  the 
telescope  approximately  at  the  sun,  hold  a  white  card  three  or  four  inches 
behind  the  eyepiece,  and  draw  the  latter  out  until  the  image  of  the  sun 
and  the  cross-hairs  are  both  sharply  focused  on  the  card.  The  image 
may  then  be  brou^t  tangent  to  the  wires  almost  as  accurately  as  if  the 
observer  were  looking  through  the  telescope.  If,  however,  the  sun  is  high, 
the  limb  of  the  transit  may  interfere  witli  holding  the  card  in  this  manner. 
If  the  eyepiece  is  non -erecting  the  card  method  cannot  be  used,  and  hence 
a  prismatic  eyepiece  is  essential.  (7)  The  maximum  error  in  determining 
an  azimuth  by  the  altitude  of  the  sun  should  not  exceed  three  minutes, 
and  under  favorable  conditions  it  should  not  exceed  one  minute.  By  taking 
several  sets  of  observations  both  morning  and  afternoon  the  error  can  be 
reduced  still  more. 

(h)  Modified  method.  If  the  transit  does  not  have  a  vertical 
circle,  or  if  for  any  other  reason  it  is  not  feasible  to  take  two 
sights,  direct  and  indirect,  proceed  as  before,  omitting  the  second 
sight.  The  altitude  as  observed  in  (1)  must  be  corrected  for 
the  sun's  semi-diameter,  i.e.,  subtract  16'  of  arc  if  the  horizontal 
hair  was  made  tangent  to  the  upper  edge  of  the  sun.  The  com- 
puted azimuth  must  then  be  corrected  by  the  quantity  16'  X  secant 
of  altitude,  i.e.,  sun's  scni-diameter  divided  by  cosine  of  altitude. 

Remark.  The  angle  subtended  by  the  sun's  semi-diameter  varies  from 
15'  45"  about  July  1,  to  16'  18"  about  January  1. 

(c)  Method  of  procedure  for  computations.  (1)  Find 
the  mean  value  of  the  observed  altitudes.  Look  up  in  the 
table  on  page.  624  the  correction  for  refraction  which  corre- 
sponds to  the  mean  altitude  and  subtract  it  from  the  mean 
altitude.     Correct  the  result  for  the  index  error  if  there  ia  aiic^ 
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such  error.     (Stv   •niggestion  (3),  p.  625).    Call  the  final  cor- 
rected mean  altitude  . 

Remark.  If  the  highest  accuracy  is  desired  the  altitude  should  be  cor- 
rected also  for  parallax,  i.e.,  the  angle  between  a  line  from  the  sun  to  the 
center  of  the  earth  and  a  line  from  the  sun  to  the  point  on  the  earth's 
surface  where  the  observation  is  made.  As  this  correction  never  exceeds 
9  seconds  of  arc  it  may  be  ignored  in  observations  made  with  transits  read- 
ing to  minutes. 

(2)  Find  the  sun's  declination  for  the  day  and  hour  of  the 
observation  as  explained  on  page    623. 

(3)  Subtract  the  final  corrected  declination  of  the  sun  from 
90°,  thus  getting  the  polar  distance  p  of  the  sun  at  the  time 
of  the  observation. 

(4)  The  latitude,  the  polar  distance,  and  the  corrected  mean 
altitude  being  known,  the  angle  Z  of  the  spherical  triangle  can 
be  found  by  spherical  trigonometry,  using  any  one  of  several 
formulas.     Either  of  the  following  formulas  is  recommended; 

"\ -» corrected  mean  altitude;    p= polar  distance  of  the  sun; 
L  =  latitude  of  the  observer  and  S  =  i(h+L+p). 

1     COS  S  COS  {S—p)  ^  ' 

Another  formula: 

1  r^     ^  |cos  S  cos  (S  —  p) 

cosiZ  =  \ T        I.      '      .     .    •    .     .     (2) 

^      cos  L  cos  h  ^  ' 

(5)  The  angle  Z  found  from  either  of  the  above  formulas  is 
the  angular  distance  of  the  sun  east  or  west  of  the  meridian^ 
or  it  is  equal  to  the  angular  distance  of  the  line  of  sight  to  the 
center  of  the  sun  measured  from  the  north  point.  For  example, 
in  Fig.  600,  p.  620,  the  angle  Z=SZP  is  measured  by  the  arc  NH 
equal  to  the  angle  NOH,  i.e.,  the  horizontal  angle  that  a  line 
of  sight  from  the  place  of  observation  O  to  the  sun  S  makes 
with  a  north  and  south  line  OX.  This  angular  distance  Z = NOH 
may  easily  be  converted  into  azimuth  or  bearing  as  explained 
on  page  378. 

Remark.  In  astronomical  work  azimuths  are  measured  from  the  south, 
and  hence  the  left-hand  members  of  equations  (1)  and  (2)  are  frequently 
given  as  cot  ^Z  and  sin  ^Z  respectively.  In  that  cas?  Z  is  equal  to  the 
angular  distance  of  the  sun  measured  from  the  south. 

Questions.     Assume  azimuths  to  be  measured  clockwise  from  the  north  and 

the  value  of  t  to  be  found  from  formulas  (1)  and  (2).     (1)   If  the  altitude 

of  the  sun  i»  found  from  a  morning  observation  is  the  corresdonding  valu^ 

cfi  7  jqual'to  the  :  zimuth  of  the  line  of  sight  to  the  sun?     (2)  If  the  alti- 
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tude  is  found  from  an  afternoon  observation  is  Z  equal  to  the  asimuthf 
Assuming  azimuths  to  be  measured^  clockwise  from  the  south  and  Z  to  be 
found  from  the  cotani^nt  or  sine  instead  of  from  the  tangent  or  cosine, 
answer  the  same  questions  (1)  and  (2). 

(d)  EXAMPLE     ILLUSTRATING     SINGLE     ALTITUDE     METHOD. 
Record  of  Observations,  Feb.  21,  1S07,  New  Haven,  Ck>nn. 


Tele- 
scope. 

Horizontal  Angles. 

Vertical 
Angles. 

Time. 

Sun. 

Vernier  A. 

Vernier  B. 

^ 

Nor. 

38°  07'  40" 

38°  08'  20" 

22°  34'  30" 

8  h.  67  m.  30  s. 

-r 

Tnv. 

38°  33'  60" 

38°  34'  10" 

22°  36'  0" 

Oh.  02  m.  30  s. 

Mean 

38°  20'  45" 

38°  21'  15" 

22°  35'  16" 

9  h.    0  m.    Os. 

Computation 

2  h .  0  m.  0  8.    «=  (9-0-0)  4-  (6-0-0)  ■=  Greenwich  mean  time  of  observation. 

—  10°  52'     0"«  Apparent  declination  at  Greenwich  mean  noon. 

+  1 '  48"  =  +  64"  X  2  =  correction  for  2  hours. 

—  10°  50'    12"  =  Apparent  declination  at  time  of  observation. 

22°  33'      0"  =*  /i = 22°  35'  1 5"  -  2'  15"  (ref .)  -  corrected  altitude. 
41°  18'    36"  =  L=  latitude  of  place  of  observation. 
100°  50'    12"  =  p-l90°-(-10°  50'  12")  =  polar  distance. 


164°  41'  48"  =  2.S. 

82°  20'  54"=.S 

41°  02'  18"  =  ^'-L 

59°  47'  54"  =  5 -A 

18°  29'  18"=5-p 


I. 


co-log  cos  B 
log  sin  &  —  L 
log  sin  &  —  h 


=  0.875658 
=9.817277 
=  9.936645 


co-log  cos  5 -p= 0.023014 

210.652694 

64°  44'  40"  =  iZ  log  tan  iZ  =0.326297 

129°   29'   20"  =  Z  =  azimuth  of  sun  from  the  north. 
38°  21'     0" = Angle  between  sun  and  MiV. 


91°  08'  20"  =  Azimuth  of  MN  from  the  north. 

604.  The  Solar  Attachment,  frequently  used  in  con- 
nection with  an  engineer's  transit,  is  a  device  for  determining 
a  true  meridian  by  an  observation  on  the  sun.  Its  use  is  based 
on  the  same  general  principles  involved  in  the  method  of  the 
preceding  article,  except  that  instead  of  solving  the  astronomical 
triangle  by  spherical  trigonometry  the  instrument  is  made  to 
solve  it  graphically,  so  that  at  the  end  of  the  observation  the 
line  of  sight  through  the  transit  telescope  lies  ui\i\i<&\>iM^TCL^Tv^^dX2L. 
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Two  of  the  forms  of  solar  attachments  in  common  use  are  ex- 
plained below;   all  forms  are  alike  in  principle. 

(a)  The  hurt  solar  attachment.  The  solar  attachment 
shown  in  Fig.  604  (a)  is  essentially  the  solar  apparatus  of  Burt 
(see  p.  576)  placed  upon  the  cross-bar  of  an  ordinary  transit. 
The  principal  parts  are:  (1)  The  arm  AB,  which  has  a  small 
lens  at  A  and  a  small  silver  disk  at  B;  (2)  the  polar  axis  and 
(3)  the  declination  arc  marked  in  the  cut;  (4)  the  hour  circle 
marked  with  Roman  numerals.  The  little  framework  carrying 
the  arm  AB  and  the  declination  arc  is  free  to  revolve  about  the 
polar  axis.  The  observ'ation  on  the  sun  is  made  by  bringing 
the  image  of  the  sun  formed  by  the  lens  into  a  square  ruled  on 
the  silver  disk.  A  shutter  at  A  is  moved  over  the  lens  when 
the  sun  is  very  bright,  othen^*ise  it  is  diflficult  to  tell  when  the 
image  is  exactly  centered  in  the  square;  when  the  sun  is  dull 
the  shutter  is  moved  back,  leaving  the  clear  lens.  When  the 
declination  is  south  (sun  below  the  equator)  the  arm  AB  is 
reversed  or  turned  end  for  end  from  the  position  shown  in  the 
cut;  for  this  position  there  is  a  lens  at  B  and  a  silver  disk  at  .4. 

Attention  is  called  to  the  following  facts:* 

1.  If  the  telescope  is  pointed  north  and  depressed  mitil  the 
reading  on  the  vertical  circle  is  equal  to  the  co-latitude  of  the 
place  where  the  transit  stands,  the  polar  axis  will  be  parallel 
to  the  axis  of  the  earth,  and  may  be  said  to  point  to  the  celestial 
pole. 

2.  If  when  the  telescope  is  in  the  above  position  the  line  AB 
were  made  parallel  to  the  telescope  it  could  be  directed  to  the 
sun  by  merely  turning  the  arm  about  the  polar  axis,  provided 
the  sun  were  in  the  celestial  equator.  The  sun,  however,  is  in  this 
equator  only  twice  dming  the  year.  Suppose  that  for  a  given 
day  its  declination  is  17°  north,  i.e.,  it  may  be  considered  to 
move  in  a  circle  approximately  parallel  to  the  equator  but  \T 
north  of  it.  (See  p.  620.)  Then  if  the  end  A  is  raised  imtil 
the  decUnation  arc  reaches  17%  as  shown  in  the  engraving, 
the  line  AB  could  be  directed  approximately  to  the  sun  at  any 
time  during  the  day  by  merely  revolving  the  arm  about  the 
polar  axis,  provided  the  polar  axis  is  kept  stationary  and  pointing 
to  the  pole.  If  the  sim's  declination  were  17°  south  the  only 
difference  would  be  that  the  Une  from  B  to  A  should  be  directed 


*  ITritteti  for  obaervaUooft  in  the  aorthem  hwnim>li«^ 
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downward  instead  of  upward,  and  this  is  accomplished  by  turn- 
ing the  arm  end  for  end. 

3.  Assuming  that  a  transit  in  good  adjustment  is  properly 
leveled  up,  it  is  evident  from  the  above  that  if  the  polar  axis 
is  inclined  at  an  angle  to  the  vertical  equal  to  the  co-latitude, 
and  if  the  declination  arc  is  set  to  read  the  declination  of  the 
aun  at  the  time  of  the  observation,  then  the  line  AB  cannot  he 
directed  to  the  sun  unless  the  polar  axis  points  to  the  pole  (thus 
bringing  the  line  of  sight  of  the  telescope  into  the  true  meridian). 
This  is  the  fundamental  principle  of  the  solar  attachment. 

Method  of  procedure  in  determining  a  meridian  with  the  Buri 
solar  attachment, 

(1)  Set  up  over  some  convenient  point  M  leveling  up  roughly. 

(2)  Look  up  the  declination  for  the  day  and  hour  of  tie 
observation.     (See  p.  623.) 

(3)  Correct  the  result  in  (2)  for  refraction  as  explained  in 
suggestion  (2)  below. 

(4)  Set  of¥  on  the  declination  arc  the  final  value  of  the  declina- 
tion as  obtained  in  (3).  Note  that  the  arm  AB  should  be  re- 
versed from  the  position  shown  in  Fig.  604  (a),  p.  629,  if  the  sun's 
declination  is  south. 

(5)  Level  up  very  carefully,  using  the  telescope  level  in  at 
least  two  positions  at  right  angles  for  the  final  test.  Notice 
if  the  verniers  on  the  vertical  circle  read  zero  when  the  tele- 
Bcope  is  level;  if  not,  either  adjust  them  so  that  they  will  or 
note  the  amount  and  sign  of  the  index  error. 

(6)  Set  the  verniers  of  the  horizontal  limb  at  zero,  but  leave 
the  lower  clamp  loose  so  that  both  plates,  clamped  together, 
can  turn  freely.  With  one  hand  turn  these  two  plates  (and 
telescope),  and  with  the  other  hand  turn  the  arm  of  the  solar 
attachment  until  the  image  of  the  sun  is  in  the  ruled  square 
on  the  disk.  Tighten  the  lower  clamp,  and  bring  the  image 
exactly  in  the  center  (as  seen  through  a  magnifying-glass)  by 
turning  the  lower  tangent-screw,  and  if  necessary  turning  also 
the  arm  of  the  solar  attachment.  The  line  of  sight  is  now  in 
the  true  meridian  and  the  plate  zeroes  should  read  zero. 

(7)  Loosen  the  upper-plate  clamp  and  sight  at  N  the  other 
end  of  a  reference  fine  MX,  The  azimuth  of  the  line  MN  is 
the  angle  turned  off,  i.e.,  the  reading  on  the  limb.  If  desired 
a  meridian  MO  may  be  estabhshed  before  the  upper-plate  clamp 

'oosened  by  lining  in  a  point  0  on  tbid  fp[Q\]^ 
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Praetieol  Bugoestums.  (1)  Many  of  the  suggestions  on  page  625  apply 
xiually  well  to  the  use  of  the  solar  attachment,  especially  tliat  pertaining 
:o  the  best  time  for  observations.  (2)  In  correcting  tho  declination 
:or  refraction  in  step  (3)  that  table  on  page  640  should  be  used  which 
most  nearly  corresponds  to  the  latitude  of  the  observer.  Note  the  time  of 
>bservation  in  hours  before  or  after  noon,  and  opposite  this  number  in 
;he  table  hnd  U^  correction  in  the  column  corresponding  most  nearly  to 
.he  declination.  Notice  that  if  the  declination  is  north  (  +  )  the  coirection 
s  to  be  added  while  if  it  is  south  (  — )  it  is  to  be  subtracted,  or,  if  given 
.he  proper  sign,  the  correction  is  always  added  algebraically  (Noithem 
lemisphere).  (3)  When  the  image  has  been  centered  in  the  luled  square  it 
jviii  at  once  move  out,  but  if  no  mistake  has  been  made  it  may  be  kept 
ipproximately  in  the  square  by  simply  revolving  the  solar  attachment 
ibout  the  polar  axis.  It  it  is  necessary  to  disturb  the  main  pait  oi  the 
transit  it  sliows  that  the  polar  axis  is  not  i>ointing  exactly  at  the  pole  or 
:iiat  some  mistake  was  made  in  setting  off  the  declination.  (4)  '\^hen  the 
observation  is  completed  the  jjointer  which  moves  around  the  hour  circle 
ihould  indicate  approximately  the  time  of  the  observation.  (5)  Ihe  image 
should  be  examined  through  a  magnify  ins-glass  during  the  final  steps  of 
the  observation.  It  is  said  that  an  error  o?  one-quarter  of  a  minute  in  azi- 
muth or  latitude  can  be  detected  by  thus  observing  the  sim's  image;  but. 
nevertheless,  the  instrument  under  the  best  of  oonmtions  cannot  be  reUed 
upon  to  give  as  accurate  results  as  may  be  obtained  by  the'  direct  method 
of  observation,  page  624.  (6)  If  at  the  end  cf  step  (6)  the  plate  verniers 
do  not  read  zero  it  is  likely  that  the  wrong  tangent-screw  has  been  turned: 
but  no  harm  xias  been  done,  as  the  reading  can  be  noted  and  subtracted 
from  the  final  reading  when  sighting  at  N, 


(b)  The  Saegmuller  solar  attachment  is  in  many  respects 
superior  to  the  Burt  attachment.  In  place  of  the  arm  carry- 
ing the  lens  and  silver  disk,  there  is  a  small  auxiliary  telescope 
with  a  prismatic  eyepiece  through  which  the  sun  may  be  ob- 
served directly.  The  declination  arc  is  usually  omitted,  and 
in  its  place  a  spirit-level  is  attached  to  the  auxiliary  telescope 
to  aid  in  setting  off  the  declination  as  explained  below.  The 
method  of  procedure  is  so  similar  to  that  just  explained  for  the 
Burt  attachment  that  only  a  brief  outline  is  given. 

Method  of  procedure  for  determining  a  true  meridian  with  tho 
Saegmuller  solar  attachment,  (1)  Find  the  final  corrected  value 
for  the  sun's  decUnation  at  the  time  of  observation.  (See 
step  (2)  and  (3)  for  the  Burt  attachment,  p.  630.) 

(2)  Having  leveled  up  carefully  over  some  point  M  and  noted 
whether  there  is  any  index  error  as  in  step  (5),  p.  630,  back  sight 
on  some  point  A'.  Point  the  smaller  telescope  on  the  same 
backsight,  thus  bringing  both  telescopes  into  the  same  vertical 

plane. 

(3)  Incline  the  larger  telescope  until  the  reading  on  the  ver^ 
tical  circle  is  equal  to  the  corrected  value  of  the  sun's  declination 
found  in  (1).  If  this  dechnation  is  north  depress  the  object- 
glass  end  of  the  telescope;  if  south  elevate  it.  Without  dis- 
turbing the  larger  telescope,  bring  the  smaH&x  \.fe\<aaQ,QiV^  \*<^  ^ 
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horizontal  position  by  means  of  its  level.    The  angle  between 
the  two  telescopes  is  now  equal  to  the  sun's  declination. 

(4)  Without  disturbing  the  relative  positions  of  the  two 
telescopes  unclamp  the  vertical  circle  and  set  it  to  the  co-lati- 
tude of  the  place  of  observation,  making  the  object-glass  end 
of  the  telescope  the  liigher. 

(5)  Unclamp  the  upper  horizontal  plate,  turn  it  (and  the  larger 
telescope)  around  the  vertical  axis,  and  at  the  same  time  turn 
the  smaller  telescope  around  the  polar  axis  (see  step  6,  p.  630) 
until  the  image  of  the  sun  is  brought  into  the  field  of  the  smaller 
telescope;  when  the  image  is  accurately  bisected  the  large  tele- 
scope must  be  in  the  meridian  vrlth  the  object-glass  end  toward 
the  south.  The  bearing  of  MN  is  then  known  from  the  read* 
ing  on  the  horizontal  limb,  and  if  desired  a  true  meridian  may 
be  staked  out  on  the  ground.     (See  step  7,  p.  630) 

Remark.  If  desired  the  plate  verniers  may  be  left  damped  at  »ero  until 
the  sight  has  been  taken  at  the  sun,  and  then  the  an^e  turned  off  from  ih\ 
point  N  as  directed  in  step  (7),  page  630. 

Practical  suggestions .    Kead  the  practical  suggestions  on  pages  625  and  631. 

605.  Other    Methods    of     Determiuins:     a     Meridiaa 

There  are  two  other  methods  of  determining  a  meridian,  viz.; 
(1)  Sight  at  the  sun  or  a  star  when  it  is  some  distunce  from 
the  meridian,  carefully  measuring  its  altitude,  and  then  sight 
at  it  again  when  it  has  crossed  the  meridian  and  is  at  exactly 
the  same  altitude.  In  the  case  of  a  star  the  meridian  is  half- 
way between  the  two  sights,  and  in  the  case  of  the  sun  it  is 
nearly  so,  being  found  bv  applying  a  small  correction.  This 
method  is  called  the  method  of  equal  altitudes,  and  is  explained 
in  detail  in  Mr.  Barber^s  article  at  the  end  of  this  appendix. 

(2)  A  second  method  is  to  sight  at  the  sun  at  exactly  noon. 
This  method  involves  the  determination  of  the  true  local  time 
of  the  place  of  observation,  i.e.,  the  difference  between  the 
watch-time  and  sun-time.  The  method  is  described  in 
Engiiieering  News,   March  31,   1904. 

606.  To  Determine  Latitude,  (a)  By  observation  oh 
Polaris.  (1)  Observe  polaris  at  culmination  and  correct  the 
vertical  angle  for  refraction  (p.  623)  and  index  errof  if  there 
is  any  (see  p.  98).  The  result  is  the  true  altitude.  (2)  If  the 
star  is  at  upper  culmination  subtract  the  polar  distance  of 
Polaris  for  the  given  date  as  given  in  the  table  below;  if  at 
lower  culmination  add  the  polar  distance.     The  result  is  the 

required  latitude.     (Wby?    See  p,  620.) 
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MEAN  POLAR  DISTANCE  OF  POLARIS  FOR  THE  BEGINNING  OP 

FICTITIOUS  YEAR 

Y«.-  Mean  Polar 
^^^'  Distance. 

1911  1°  icy  07.82" 

1912  1°09' 49.22" 

1913  1° 09' 30.64" 
i  1914  1"  09' 12.07" 

1916  r  08' 53.61" 


v^-  Mean  Polar 
^®"*  Distance. 

1906  1<»  11' 41.05" 

1907  1*11' 22.37" 

1908  l«ir  03.71" 

1909  I^IO*  45.07" 

1910  no' 26.44" 

Note.  The  above  tab 


Year  Mean  Polar 
*"***•  Distance. 

1916  1*» 08' 34.97" 

1917  l**  08' 16.45" 

1918  l** 07' 67.94" 

1919  l** 07' 39.46" 

1920  1° 07' 20.98" 

e  is  based  upon  data  furnished  for  this  book  by 
the  Superintendent  of  the  U.  S.  Geodetic  and  Coast  Survey.  Each  value 
is  found  by  subtracting  from  90**  the  mean  declination  of  Polaris  for  the 
beginning  of  the  corresi>onding  fictitious  year.  .If  desired,  the  polar  dis- 
tance for  any  day  in  the  year  ma:^  be  foimd  from  the  apparent  declination 
of  Polaris  as  ^ven  for  tnat  day  in  the  Nautical  Almanac.  For  1£07  the 
apparent  decimation  decreases  from  88°  48'  51.6"  on  January  15  to 
88*  48"  19 .8"  on  July  1,  and  then  increases  to  88°  49'  9.1"  on  December  31. 
The  beginning  of  the  fictitious  (Besselian)  year  is  the  instant  at  which 
the  mean  sun  is  280°  from  the  vernal  equinox.  It  differs  from  the  begin- 
ning of  the  ordinary  year  by  a  fraction  of  a  day  which  varies  for  different 
years.  Ihe  mean  place  of  a  star  at  a  given  instant  differs  from  the  true 
place  by  the  effect  of  nutation  at  that  instant  ,and  from  the  apparent 
place  by  the  effects  of  both  nutation  and  aberration. 

(6)  By  observation  on  the  sun  at  noon.  (1)  Sight  at 
the  lower  or  upper  limb  of  the  sun  a  little  before  noon,  allowing 
for  the  difference  between  standard  time  and  local  mean  time, 
and  follow  the  sun  until  it  reaches  its  highest  point,  i.e.,  when 
it  crosses  the  meridian.  (2)  Correct  the  vertical  angle  for 
refraction  (p.  346)  and  index  error  if  there  is  any.  The  result 
is  the  true  altitude  of  the  sun's  limb.  If  it  is  the  lower  limb 
add  the  sun's  semi-diameter  (about  16',  but  ^ven  more  exactly 
in  the  Nautical  Almanac);  if  it  is  the  upper  limb  subtract  the 
semi-diameter.  This  corrected  result  is  the  true  altitude  of 
the  sun's  center.  (3)  From  the  true  altitude  of  the  sun's 
center  found  in  (2)  subtract  algebraically  the  sun's  declination. 
The  result  subtracted  from  90**  gives  the  required  latitude. 
(Why?  See  Fig.  600,  p.  620,  where  S''M  represents  the  alti- 
tude at  noon.) 

(c)  Latitude  with  solar  attachment.  The  latitude  of  a 
place  may  be  determined  very  easily  with  a  solar  attachment 
by  observing  the  sun  at  noon. 

(1)  Set  off  the  co-latitude  (as  nearly  as  can  be  estimated)  and 
the  corrected  declination  of  the  sun  in  the  usual  manner. 

(2)  Point  the  smaller  telescope  at  the  sun.  (The  two  tele- 
scopes are  in  the  same  vertical  plane  but  not  parallel,  the  angle 
between  them  being  equal  to  the  corrected  declination  of  the 
sun.)  By  means  of  the  tangent  screw  which  changes  the  in- 
clination of  the  larger  telescope,  keep  the  smaller  telescope  point- 
ing exactly  at  the  sun  until  it  ceases  to  move  upward  and  begins 
to  move  downward.  The  reading  of  the  \eT\,\<i«X  <l\tO^  ^\»  ^««^ 
lughest  altitude  ia  equal  to  the  co-latitude* 
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607.  Determiiiatioa  of  the  Meridian  la  High  iaitttito 
— Observations  by  Equal  Altitudes.'*' 

There  is  no  operation  in  the  field-work  of  a  land  surveyor  that  is  fu* 
damentally  more  important  than  the  establishment  of  a  correct  meiidiui 
line  at  the  place  of  survey,  from  which  to  deflect  the  courses  of  bounclarks. 

The  rules  for  surveying  public  lands  prohibit  a  surveyor  from  assunnic 
a  probable  "variation"  of  the  magnetic  compass  to  ^vem  Lis  «ork. 
They  also  prohibit  him  from  depending  on  a  variation  of  his  needle  tluoui^- 
out  his  work,  though  he  may  liave  obtained  it  by  proper  means  at  the 
outset,  because  all  the  successive  courses  may  be  mnuenced  by  unknown 
attraction. 

A  large  number  of  survejrs  throughout  the  country  are  known  to  have 
bean  recorded  with  untrue  courses,  regardless  of  these  requirements,  causinc 
many  legal  complications. 

From  a  desire  to  aid  surveyors  to  overcome  the  difficulties  known  to 
impsde  precision  in  this  element  of  their  work,  especially  in  high  latitndoi 
like  thase  of  Alaska,  and  to  determine  exact  meridians  by  astronomic  mcam 
without  very  elaborate  instruments,  some  suggestions  are  here  offered  as 
auxiliary  to  the  means  which  are  adapted  to  all  places. 

The  use  of  equal  altitudes  has  received  slight  notids  in  a  few  works  on 
surveying,  but  nas  not  been  set  forth  in  the  detailed  manner  applied  to 
the  other  processes.  But  since  preparing  tliis  article  and  laying  it  aside 
for  consideration,  it  has  been  learned  that  this  principle  was  recommended 
to  the  deputies  in  one  of  the  States  by  instructions  issued  some  yeais  ago 
by  a  survejror-general.  It  was  given  them  "as  being  available  in  emer- 
gencies, caUing  their  attention  to  the  advantages  in  such  cases  of  being 
able  to  take  the  forenoon  observation,  go  on  with  the  survey  till  the  after> 
n'jia  time  approached,  and  then  complete  the  set.  It  is  available  also  for 
P.M.  followed  by  a.m.  observation." 

Thus  the  writer  now  finds,  from  correspondence,  that  one  of  the  best 
authorities  on  these  subjects  then  gave  full  indorsement  to  the  equal-altituds 
method  for  using  either  sun  or  star,  as  being  correct,  practical,  and  of 
important  utility  in  many  contingencies. 

The  instructions  now  generally  provided  require  that  the  meridian  be 
ascertained  by  observation  of  either  Polaris  or  the  sun;  and  that  the  cor- 
rectness  of  all  solar  work  must  be  checked  and  confirmed  by  Polaris. 

VARIOUS   OBSTACLES 

*.o  compliance  with  these  rules  have  been  found  in  Alaska,  and  are  efvident>- 

Polaris  being  from  55°  to  70°  above  the  horiaon,  it  is  too  high  to  be  ob* 
served  without  a  reflecting  eyepiece. 

Its  position  so  near  the  zenith  greatly  increases  any  instrumental  error, 
in  bringing  a  vertical  line  to  the  ground. 

It  is  obscured  by  dayhght  during  several  months  in  the  summer  season. 

Fogs  and  mists  are  said  to  be  often  prevalent,  even  after  clear  days. 

The  sun  in  winter  reaches  only  a  small  elevation,  moving  in  a  low  are, 
with  high  and  uncertain  refraction,  both  causes  unfavorable  to  accurate 
results. 

The  ordinary  solar  compass  or  transit  is  not  constructed  for  use  in  such 
latitudes,  and  special  cons'tructions  are  inconvenient. 

Yielding  to  these  difficulties,  it  appears  to  have  been  a  common  bat 
unauthorized  practice  to  disregard  accuracy,  assume  a  magnetic  declination, 
and  work  by  the  needle  only 

A   SIMPLE   AND   PBACTICAL  METHOD 

is  therefore  very  desirable,  to  enable  surveys  to  be  made  with  courses  that 
will  bear  the  test  of  a  correct  examiner.  Such  a  method  is  now  suggested, 
wliich  may  be  used  by  any  careful  observer  ha\'ing  a  good  common  transit 
with  vertical  arc. 


*  This  article  is  a  reprint  of  a  paper  bv  Mr.  A.  "W.Barber,  published  in 
Michigan  Engineer  the  Proceedings  of  the  Michigan  Engineerino  Soekig 
for  1905. 
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This  process  requires  no  reflecting  eyepiece;  no  full  vertical  circle;  no 
mathematical  tables;  no  calculations  of  local  mean  time,  standard  time, 
sidereal  time,  or  astronomical  and  civil  day.  It  does  not  depend  on  the 
date  nor  the  hour  of  the  day.  nor  any  reckoning  of  culmination,  hour-angle, 
elongation,  or  polar  azimuth.  Neither  does  the  sun's  declination  or  the 
atmospheric  refraction  enter  at  all  into  the  calculation. 

Moreover,  should  there  be  unsuspected  error  in  the  graduation  or  setting 
of  the  vertical  arc,  or  some  defect  of  collimation  in  the  telescope,  it  would 
equally  affect  both  p>arts  of  the  observer's  work,  and  produce  no  effect 
in  the  resulting  meridian. 

THE  METHOD  BT  EQUAIj  ALTITUDES 

depends  on  the  fact  that  the  circumpolar  stars  describe  invariable  circular 
arcs  below  the  true  po\e\  and  that  when  a  peg  is  set  on  the  ground  to 
mark  the  course  to  a  certain  star  when  west  of  north  at  an  altitude  of  say 
35°,  and  another  peg  is  afterward  set  to  mark  the  position  of  that  star 
when  it  has  pafisea  to  the  northeast  and  risen  to  the  same  precise  eleva- 
tion, the  meridian  of  the  transit  will  lie  exactly  midway  between  the  pegs. 
Hence  the  surveyor  may  be  advised  to  proceed  as  follows  in  any  latitude 
or  time  of  the  year  when  the  stars  are  sufficiently  discernible: — 

1.  Choose  a  suitable  station,  se*;  transit  firmly  and  level  precisely,  by 
the  tedescope  level  turned  in  all  directions. 

2.  Set  the  index  anh  for  vertical  angles  at  zero,  and  keep  it  tightly 
clamped  for  reading  elevation  angles. 

3.  Provide  suitable  illumination  for  cross-wires,  and  also  for  reading 
angles,  horizontal  and  vertical. 

4.  Select  a  conspicuous  star,  perhaps  30°  or  40°  from  the  pole,  which 
appears  two  hours  more  or  less  before  its  lower  culmination — that  is,  which 
stands  west  of  north  and  is  rapidly  descending.  Identify  this  star  beyond 
all  chance  of  error,  noting  it  on  a  diagram  for  certaintj'  some  hours  later. 

5.  Direct  the  telescope  to  this  point,  fixing  the  star  at  the  intersection 
of  the  cross- wires,  and  clamp  the  axis  so  it  will  retain  the  altitude  shown 
on  the  arc.  Read  and  note  down  the  angle  of  elevation,  and  read  more 
r.han  once. 

6.  Unclamp  the  axis,  bring  the  telescope  to  the  earth,  and  have  an 
assistant  drive  a  peg  in  Une  with  the  cross-wire,  from  3  to  6  chains  distant. 
A  candle  held  there  before  a  white  surface  will  exhibit  the  wire  and  give 
the  exact  point  for  a  tack. 

7.  Repeat  the  observation  once  or  twice,  at  intervals  of  10  or  15  minutes, 
for  confirmation  of  results,  marking  successive  pegs.  A,  B,  etc.,  with  degrees 
and  minutes  of  elevation  found. 

8.  Be  ready  to  observe  the  upward  path  of  the  same  star  after  it  has 
passed  east  below  the  pole.  Correct  the  leveling^  set  the  vertical  index 
successively  at  each  altitude  previously  noted  (beginning  with  the  lowest); 
and  when  the  star  (diagonally  ascending  in  the  field  of  the  glass)  approaches 
the  horizontal  wire,  bring  the  vertical  wire  also  upon  the  star  at  the  inter- 
section, using  the  slow-raotion  screw  of  the   horizontal  plate. 

9.  Keep  the  plate  at  that  point,  bring  the  telescope  down,  and  set  peg 
in  Hne  as  before.  Repeat  the  process  for  each  observation  A,  B,  etc.,  taken 
before  midnight,  marking  each  peg  B,  A,  etc.,  with  the  elevation  in  figures. 

10.  Measure  the  arc  between  pegs  A  A  denoting  equal  altitude,  and  take 
one  half.  Lay  off  this  half  from  either  peg,  and  set  a  peg  and  tack  for  the 
true  meridian.  As  a  test  of  correctness,  the  middle  ijoint  between  pegs  B  B 
and  between  C  C  should  be  found  to  coincide  with  the  one  first  found.  A 
single  pair  is  sufficient,  except  for  confirmation. 

BY   EQUAL.  ALTITUDES  OP  THE  SUN. 

In  this.operation  a  reflecting  eyepiece  with  dark  glass  will  be  necessary 
The  sun's  large  image  in  the  field  cannot  be  centered  as  truly  as  a  star.  It 
is  therefore  found  best  to  place  the  intersection  of  the  wires  at  the  lower 
limb  (apparently  the  sun's  upper  edge,  as  reversed  by  the  mirror)  and 
at  the  precise  point  of  tangency,  when  the  sun  is  just  leaving  the  horizontal 
wire,  apparently  descending,  with  the  vertical  wire  bisecting  its  disk. 

This  is  convenient  for  the  forenoon  observations;  hence  at  the  corre- 
sponding times  after  noon,  with  the  proper  altitude  of  telescope,  ooft  \s\w^\. 
be  ready  at  the  monient  the  sun  (now  apparently  aaccn.«^Tv\^  ^\%\.  x'^'SlklV^a 
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the  fevd  wire,  having  the  vertical  one  bisect  the  son  by  the  poinft  of  fw- 
gemcy,  as  before 

ToB  pair  oi  pegi  in  this  case  will  be  set  aoatheast  and  aonthweBt  of  tia 
statioo.  Tbe  center  or  bisecting  line  of  the  included  arc  would  be  tfai 
median,  were  it  not  for  the  sun  s  change  of  declination  in  tfcw  interveuM 
time.  This  shght  change  requires  a  calculation  for  oorrectaon,  which  the 
star  process  avoids.  Tlie  formula  calls  for  a  short  arithmetioal  paoem^ 
with  a  table  of  natural  sines. 

WORKING   BT   A  BEFEBENCB  MABft 

Instead  of  using  pegs  and  tacks  for  day-work  in  this  fine,  the  writer 
has  found  it  easier  to  use  a  reference  point  or  mark. 

On  April  17,  after  careful  leveling.  I  set  the  horiaontal  ^ylates  at  lOO 
with  the  telescope  directed  at  a  distant  spire  for  my  mark.  Clamp  tlie 
lower  plate  fast,  and  direct  the  telescope  to  the  sun,  observing  it  as  above 
shown.  Find  by  the  horizontal  angle  that  the  sun's  asimuUi  to  the  kfc  or 
east  of  the  spire  is  30^  27';  and  by  the  vertical  arc  I  find  his  altitude  4T*  W. 
(The  semi-diameter  may  be  disregarded  in  each  pair  ol  obaervatioos  if 
the  same  Umb  of  the  sun  is  used  each  time.) 

For  the  corr^ponding  afternoon  observation,  I  have  the  index  of  alti- 
tude fixed  at  47^  09^,  and  watch  the  sim  rise  (apparently)  to  the  pioprr 
position.  At  the  right  moment  clamp  the  i^te,  use  the  slow  motion,  and 
when  the  disk  is  in  position  find  from  the  horiaontal  plate  that  the  son  is 
S^°  49'  west  of  the  spire  or  mark. 

The  whole  arc  is  30°  27'  +  84<'  49^=- 115''  W;  and  the  bisecting  meri<fiv» 
is  57°  38'  from  either  position  of  the  sun.  From  this  one  half  I  subtract 
the  first  azimuth  of  the  sun  from  the  mark;  67**  38' -30°  27' =27**  11'  as 
the  true  bearing  of  the  mark  from  the  uncorrected  meridian,  and  it  apparently 
bears  S.  2V*  11   E.  from  the  transit. 

THK  GOBBSCnON   FOB  DECLINATION 

at  or  near  the  times  of  the  solstices,  will  be  merdy  theoretical,  as  an  honrly 
difTerence  of  declination  less  than  10  seconds  will  be  quite  negligiUa.  But 
during  the  rest  of  the  year  it  should  be  asoertainefl,  for  it  would  amount 
to  as  much  as  a  change  of  lO'  were  observations  taken  six  hours  apart  oa 
September  26,  in  latitude  65°. 

To  calculate  this  correction:  Take  one  half  the  chan^  in  declination 
between  observations  at  equal  altitude;  divide  these  nunutea  of  changa 
by  the  product  of  the  cosine  of  the  latitude  by  the  sine  of  half  the  d'ffer- 
ence  in  time  expressed  in  de^ees  (15°  per  hour);  the  quotient  will  be  the 
minutes  c^  arc  for  the  correction.  This  is  to  be  applied  from  south  to  west 
from  June  21  to  December  21  (declination  decreasing)  and  from  aoath  to 
east  the  rest  of  the  year. 

EXAMPLE   OP  ABOVE  OPEBATION 

on  April  17,  {"  latitude  39°,  udng  standard  watch-time;  second  and'tlurd 
pairs  of  observations,  the  first  pair  being  already  noted. 

B.  10 :  01  A.M.  altitude  49°  36'  azimuth  E.  from  mark  26**  07* 
G.  10  :  16  A.M.  altitude  51°  48'  azimuth  £.  from  mark  21°  38^ 
O.  1  :  59  P.M.  altitude  51°  48'  azimuth  W.  from  mark  76°  00' 
B.     2  :  14  P.M.  altitude  49°  36'  azimuth  W.  from  mark  80°  29' 

Tlie  sum  of  the  measured  arcs  of  the  B  B  positions,  26°  07' +  80**  29'- 
106°  36'.  The  middle  point  for  meridian  is  at  53°  18'.  As  the  referents 
mark  is  26°  07'  from  the  forenoon  sun,  its  arc  from  the  south  meridian  point 
must  be  53°  18'  —  26°  07',  and  its  course  from  the  transit  is  again  found  S. 
27°  1 1'  E .     (Uncorrected .) 

The  third  pair.  CC,  gives  21°  38' +  76°  00' -97°  38'.    One  half  of  thk. 

48°  49',  less  21°  38',  gives  the  same  resultmg  arc,  27°  11'. 


or 


OOBBBCnON    FOB   CHANGE   OF   DECUNATION 


One  half  of  the  change  on  that  day  in  4}  hours  was  \Sy.    The  cnant 

of  the  latitude  39°  is  .78;   the  sine  of  half  the  diflFerenre  in  time  (2J  lioani— 

•bout  82^)  ia  JS^\    their  product  \a  .7%XJ5a-Al.    Dividing  US'  by   4L 
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*^he  quotient  is  4^  minutes  of  arc  for  correction  of  the  south  meridian 
point  eastward.  This  gives  the  bearing  of  the  spire  or  mark  from  the  true 
meridian.  S.  27°  06'  30"  E. 

THB   DIKBCT  TRANSIT  OBSERVATION   OF  THK  BUN 

for  meridian  is  an  operation  highly  commended  by  many;  and  with  a 
perfect  instrument  used  by  an  unerring  workman  it  should  be  wholly  relia- 
ble. Yet  tiie  writer  meets  numerous  capable  engineers  who  object  to  its 
use  and  will  not  depend  on  it. 

There  are  so  many  uncertainties  attending  its  use  by  unknown  persons 
with  the  possibly  cUsordered  instruments,  and  so  many  lines  nominally 
established  by  it  have  been  found  out  of  limits,  that  the  method  has  not 
been  approved  in  the  Manual  of  Instructions  unless  the  results  are  verified 
by  the  mdependent  check  of  Polaris.  The  latter  being  direct  and. simple 
and  having  no  possible  connection  with  the  solar  methods,  cannot  be 
dispensed  with  as  the  court  of  last  resort  to  prove  the  accuracy  of  the 
tedious  and  intricate  "direct  solar"  problems,  where  the  mean  of  repeated 
observations  is  apt  to  inyolv^  repetition  of  error. 

To  use  the  sun  in  that  manner,  one  must  sacrifice  much  time,  in  the  best 
working  hours,  in  observing  and  in  solving  his  spherical  triangles,  usually 
under  conditions  of  physical  discomfort,  while  his  party  waits;  or  else  he 
must  procee<i  to  work  and  secure  his  M>lution  at  another  time  and  place. 

Of  all  the  irethods  of  taking  an  observation  for  meridian,  this  appears 
most  thickly  beset  with  chances  for  error.  The  result  is  certainly  afiecied 
by  any  index  error  in  the  vertical  arc,  or  in  the  coUimation  of  the  telcsco|)e. 
unless  one  has  a  full  circle  annd  eliminates  the  error  by  reversing,  repeat- 
ing.  and  averaging.  Any  arithmetical  error  in  logarithmic  readings  or 
written  work  will  vitiate  the  results. 

The  surveyor  is  obliged  to  pay  due  regard  to  latitude  and  co-latitude, 
altitude  and  zenith  distance,  declination  and  co-declination.  He  must 
take  care  of  })is  standard  time,  longitude,  and  asimuth  from  reference 
mark.  The  exact  refraction  should  he  uned,  with  due  regard  to  temper- 
ature, barometer,  and  humidity.  Elaving  safely  determined  all  these, 
he  is  then  ready  to  perform  his  calculation;  yet  at  last  mav  well  siipjicct 
whether  some  error  V'os  crept  in.  unless  he  has  some  independent  test. 

Such  a  check,  suited  to  the  latitude  of  Alaska  or  elsewhere,  is  believed 
to  be  found  in  the  method  of  equal  altitudes.  A  surveyor  may  set  a  tack 
beneath  his  s^ar  at  ten  in  the  evening,  noting  its  altitude;  and  should  fog 
and  storm  Pet  in  for  a  day  or  a  week,  it  will  only  delay  but  not  defeat  Ins 
completion  of  the  work.  Whenever  it  clears  off  he  can  secure  his  counter 
observation  about  two  in  the  morning,  -mth  no  doubt  of  finding  the  correct 
meridian. 

Tlie  foregoing  pages  will  not  appeal  stronply  to  surveyors  that  are  in- 
flifTerent  to  certain  precision,  and  averse  to  losing  sleep;  but  they  have  been 
approved  by  several  of  a  different  class — men  who  liave  kept  many  a  long 
vigil  of  the  small  hours  to  secuie  the  most  critical  use  of  Polaris,  and  lay 
courses  from  which  no  competent  inspector  oould  materially  differ. 
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Lines  of  Equal  Magnetic  Declination  and  of  Equal  Ankual  CsAHcn 

IN  THE  United  States  fos  1915. 

The  lines  of  equal  magnetic  declination  (full  lines)  apply  to  January  1. 
1915.  East  of  the  line  marked  0  (agonic  line)  the  north  end  of  the  rampMn 
needle  points  west  of  north,  west  of  that  line  it  points  east  of  north. 

The  north  end  of  the  compass  needle  is  moving  to  the  westward  forplaees 
east  of  the  line  pf  no  change  and  to  the  eastward  lor  places  west  of  that  liM 
at  an  annual  rate  indicated  by  the  lines  of  equal  annual  change  (broken  Jineil 
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TRIGONOMETRIC   FORMULA 


Trxgonombtrio  FuNcmoas. 

Let  A  (Fig.  107)  s  angle  BAO  «■  arc  BF^  and  let  the  radius  AlTmAB  a 
AH=  1. 


We  then  have 

sin  A 

^BO 

cos  A 

^AO 

tan  A 

=  DP 

cot  A 

=  Ha 

sec  A 

^AD 

cosec  A 

=  AG 

versin  A 

^CF^BS 

covers  A 

=  BK  =  HL 

exsec  A 

=  BD 

coexsec  A 

=:Ba 

chord  A 

=  BF 

chord  2  A 

^BI==2BG 

Fio.  lOT. 


In  the  right-angled  triangle  ABC  (Big.  107) 
Let  AB  =  c,AO  =  6,  and  BC  =  a. 
We  then  have : 


1. 

sin  il 

=5 

a 
c 

2. 

cos -4 

= 

b 
c 

a 

tan^ 

= 

n 

6" 

4. 

cot  A 

= 

b 
a 

5. 

sec  A 

= 

c 

6. 

cosec  ^ 

= 

c 
a 

7 

VATM    >l 

c  -ft 

8.    exsec  A    =  - . — 


9.    covers -4   = 
10.    coexsec  A  = 


c  —  a 
c 

c  —  a 


cosB 
sinB 
cotP 
tanB 
cosec  P 
BeoB 
covers  B 
coexsec  B 
versin  B 
exsec  B 


11.     a  ssCBmAssb  tan  A 


12.  b 

13.  e 

14.  a 


ccoaA ! 

o 
sin  A 

c  cosB 


a  cot  .4 

b 
cos  .4 

frcotJ9 


15.     6  =  c  sin  B  s=  a  tan  B 


16.     c 


a 


cos  B      Bin  F 


la     6  =  i^"(c4-a)  (o-a) 


/ 


21.  area  =  — s- 


19. 

e  =  i^a^  ^  Q% 

20. 

C7  =  W  =  -4  +  B 

i& 

2 

TRIGONOMETRIC  FORMULA. 
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i 


Solution  or  Osuqus  TsuMOUEa. 
B 


Fig.  106. 


23 


23 


2i 
25 
26 

27 

28 
29 

80 

81 


32 
88 


GIYXN. 


A,B,a 


A,a,b 


C,a,b 


a,6,c 


SOUGHT. 


A,  B,  C,  o 


C,  6,c 


P,  C,  c 


HU-B) 
A,B 


FORMULA 


C=180?-M  +  P),        b  = 


sin  ^ 


.sinB, 


c  = 


sin  A 


sInU  +  B) 


.    _     sin  u4    , 

sm  J?=5 .0. 

a 


C=180»-U4-^), 


a 


area 
A 


c  =  -; — 7  .  sin  C. 
sin  ^ 

tsin}4(A-B)  =  ^^^^^  tan  H  U  +  ^ 

A  =  }^iA+B)  +  H(A-B), 
B^^iA  +  B)-HU-B) 

^  =  ^"  +  ^>5^i:^Tir^)     ^"~^W^1p^^B) 
J^  =r  ^  a  &  sin  C. 

Let«  =  ^(a  +  64-c);sinJ^^=i/^^^^^*-^ 

cos}6^=|/-^^tanJ^^=|/^^^/_^' 

.      .      2V^J(F^a)(8-b)(a-c). 

sin  -4  «= r ; 

oc 


vers  -4  = 


2(s-  bH«n^ 
'  6c 


area 


area 


K  =  '♦'a  (s  -  a)  (s  -  b)  (8  —  c) 
a^  sin  B .  sin  C 


K  = 


2  sin  A 


TABLE  I. 

ELEVATIONg  CORREaPONDINQ  TO  BAROMETRIC  RBADINOa* 


13.172 
13.02fl 
13,«70 


^538 
S,433 
6.30S 


S.SH       ; 
7,960       ' 

■Takaa  from  Appendix  10,  Report  of  U.  S.  Coast  and  Geodetis 
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fs 
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; 
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a 
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1 
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l 

21 

; 

ii 

1 

8 

30 

0 

2 

31 

c. 

Ditf. 

for 
1' 

(+C. 

c. 

Diff. 

,«. 

C. 

f 

-\Ug 

0.9 

a'.s 

«0° 

1 

-0 

+ 

i 

1? 

20» 
40° 

i: 

80° 

+ 

0201 
087t 

1 

* 

m  Tables  I  and  IV,  Report  o(  U.  S.  Coast  b. 
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U^-jI  Mean  Timo:  Morning  Houra. 

Lati(u<lc. 

eh 

7h, 

Sh. 

Oh, 

10  b 

11  h 

lah. 

ber,  January,  Febnisrj 

SILEr------ 

tuifc  37°  to  40° 

tu!e  25°  to  37° 

SftAsTi, 

turle  2^°  tD  37° 

ibe  r.October.  Novembe 

t«d<;37°tQ49° 

locl«as°to37> 

t. 

Q.QF. 

3-8  E 
5.6  E 

1.0  E 

4.4E 
3.3  E 

1.0  E 
3.BE 

ill 

Mi,., 
1.3F 

i 

1 

1 

Min, 
IW 

IE 

8K 
OW 

SI 

SIS 

3.8  W 

Local  Mmn  Timo!  Attamoon  Houm 

Oh. 

■  .,|,H. 

3h, 

4h. 

Gh. 

Bh. 

ber.  January  February: 

0.5  W 

J:l4:K 

4.0W'3.4W 

SI 

f:SS 

,";-* 

n"J"* 

4W 
8W 

t^^'K^i^ 

\^iit^Ti^ 

\ 
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TABLES 


Table  IV. 

LOCAL    CIVIL  TlJiia  OF  THE  ELONGATIONS  OF  POLARIS  Dl 

THE  YEAR   1905. 

(Computed  for  Latitude  40®  north  and  Longitude  90®  or  6  h.  west  of 

Greenwich.) 


Date. 


1905 
January  1 

January  15 

February  1 

February  15 

March  1 

March  15 

April  1 

Aprfl  15 

May  1 

May  15 

June  1 

June  15 

July  1 

July  15 

August  1 

August  15 

September  1 

September  15 

October  1 , 

October  15 

November  1 , 

November  15 

December  1 

December  15 


Eastern 

Weeteni 

Elongat 

ion. 

Elongation. 

h.  m. 

h.    -m. 

12  46.4 

pji. 

12  39.3  AM. 

11  51.1 

A.M. 

11  41.1  pjf. 

10  44.0 

A.M.  - 

10  34.0  pjf. 

9  48.7 

A.M. 

9  38.7  pjf. 

8  53.5 

AM. 

S  43.5  PM. 

7  58.3 

A.M. 

7  48.3  PJI. 

6  51.3 

A.M. 

6  41.3  VM. 

5  56.3 

A.M. 

6  46.3  P.M. 

4  53.5 

A.M. 

4  43.5  PM. 

3  58.5 

AM. 

3  48.5  pjf. 

2  51.9 

A.M. 

2  41 .9  PM, 

1  67.1 

A.M. 

1  47.1  PM. 

12  54.4 

A.M. 

12  44.4  PM. 

11  66.7 

PJtf. 

11  49.6  AM. 

10  49.1 

P.M. 

10  43.1  AM. 

9  64.3 

P.1C. 

9  48.2  AM. 

8  47.7 

P.M. 

8  41.6  AJi. 

7  52.8 

P.M. 

7  46.7  AM. 

6  50.0 

P.M. 

6  43.9  AJi. 

6  55.0 

P.M. 

6  48.9  AJi. 

4  48.2 

P.M. 

4  42.1  AJi. 

3  53.0 

P.M, 

3  47.0  AJi. 

2  50.0 

P.M. 

2  43.9  AJi. 

1  54.8 

P.M. 

1  48.7  AJf. 

To  find  the  time  of  culmination.  The  time  betwe^i  either  ^lAnpiti**" 
and  upper  culmination  is  about  5  hrs.  55  m.,  while  between  either  eloiifiH 
tion  and  lower  culmination  it  is  about  6  hrs.  3  m.     (See  p.  358.) 

A.  To  refer  the  above  tabular  quantities  to  years  subse- 
quent to  1905: 


For  year  1907  add 2.5  minutes 

1908    "  3.8 

1908  subtract 0.1 

1909  add 1,1 


1910 
1911 
1912 
1912 
1913 
1914 
1915 
1916 
1916 
1917 
1918 
1919 
1920 
1920 


2.3 
3.6 
5.0 
1.1 
2.5 
3.9 
5.4 
6.9 
3.0 
4.6 
6.2 
7.8 
9.4 
5.5 


up  to  March  1 

on  and  after  March  1 


up  to  March  1 

on  and  after  March  1 


up  to  March  1 

on  and  after  March  1 


up  to  March  1 

on  and  after  Mareh  f 
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B.  To  refer  to  any  calendar  day  other  than  the  first  and  fifteenth 
of  each  month,  subtract  the  quantities  below  from  the  tabular 

rntity  for  the  preceding  date  or  add  to  the  tabular  quantity 
the  roLLOWiNG  date: 


Day  of  Month. 

Minutes. 

No.  of  Days  Elapsed 

2  or  16 

3.9 

1 

3 

17 

7.9 

2 

4 

18 

11.8 

3 

6 

19 

15.7 

4 

6 

20 

19.6 

5 

7 

21 

23.6 

6 

8 

22 

27.5 

7 

9 

23 

31.4 

8 

10 

24 

35.4 

9 

11 

25 

39.3 

10 

12 

26 

43.2 

11 

13 

27 

47.2 

12 

14 

28 

51.1 

13 

29 

55.0 

14 

30 

58.9 

15 

31 

62.9 

16 

For  the  tabular  year,  two  eastern  elongations  occur  on  July  14, 
and  two  western  elongations  on  January  11. 
C.  To  refer  the  table  to  standard  time.  Add  to  the  tabular  quan- 
tities four  minutes  for  every  degree  of  longitude  the  place  is 
west  of  the  standard  meridian  and  subtract  when  the  place 
is  east  of  the  standard  meridian. 

D.  To  refer  to  any  other  than  the  tabular  latitude  between  the 
limits  of  25°  and  50®  North:  Add  to  the  time  of  west  elongation 
0^.12  for  every  degree  south  of  40°  and  subtract  from  the 
time  of  WEST  elongation  0^.17  for  every  degree  north  of  40°. 
For  eastern  elongations  subtract  Om.12  for  every  degree 
south  of  40°  and  add  0**.17  for  every  degree  north  of  40°. 

E.  To  refer  to  any  other  than  the  tnbulor  longitude;  Add  0**.16 
for  each  15®  east  of  the  ninetieth  meridian  and  subtract  0^.16 
for  each  15°  west  of  the  ninetieth  meridian. 

The  deduced  time  of  elongation  will  seldom  be  in  error  more 
than  0'.3,  especially  before  1911. 

Note.  In  the  Practical  Suggestions  on  pag3  357  are  given  complete 
directions  for  applying  the  above  rules,  together  with  an  example  illustrat- 
ing the  method  of  finding  the  time  of  elongation. 

Table  IV  and  the  accompanying  rules  have  been  kindly  fur- 
nished for  this  book  by  the  Superintendent  of  the  U.  S.  Coast 
and  Geodetic  Survey. 
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TABLES 


TaAli 

A2IMUTH  OF  POLARIS  WHEN  AT  ^LONOATIOH 


Lati- 
tude. 

25^ 

26 

27 

28 

29 

30 
31 
32 
33 
31 

35 
36 
37 
38 
39 

40 
41 
42 
43 
44 

45 
46 
47 
48 
49 


1 


1905    1906 


1907  ' 


1908    1909 


1910 


1911 


I 


1912 


1°  19'. 4  1°  WA  r  18'.7'P  18'. 4  l**  18'.1  1' 17'.7!l°  17'. 4 ll"  17.0 

<w^       1  I  m      o  irk       Ai  irk       1.  io      T  ao   ^  to      <-k'  «••     •• 


20  .1 

20  .8 

21  .6 

22  .4 


23 
21 
21 
2j 

26 


27  .9 
23  .0 

30  .1 

31  .4 

32  .7 

34  .0 

35  .4 

36  .9 
3S  .5 

40  .1 

41  .8 
43  .7 
45  .6 
47  .7 
49  .8 


19  .8, 

20  .5, 

21  .3' 

22  .Ij 

22  .8; 

23  .6 
21  .5 

25  .5 

26  .5 

27  .5 
2S  .6 

29  .7| 

31  .0 

32  .3 

33  .6- 

35  .0 

36  5l 

38  .1 

39  .7 


41  .4 
43  .2 
45  .1 


47 
49 


19  .4 

20  .li 
20.  9] 

21  .7 

22  .4 

23  .2 

24  .1 

25  .1 

26  .1 


I 


27 
28 
29 
30 
31 

33 
31 
36 
37 
39 

40 
42 
44 
46 
48 


.1 
.2 
.3, 

.8' 


•21 

.0' 
.6 

I 
.9 

.7, 
.6 

'8' 


19  .l! 

19  .8; 

20  .5 

21  .3 

22  .1 

22  .5 

23  .8 

24  .7 

25  .7 


26 
27 
29 
30 
31 

32 
34 
35 
37 
38 

40 
42 
44 
46 
48 


.8 
.9 
.0 
.2 
.4 

.8 
2 
.6 
.2 
.8 

.5 
.3 
.2 
.3 


18  .7 

19  .4 

20  .1 
20  .9 


21 
22 
23 
24 
25 

26 
27 
28 
29 
31 

32 
33 
35 
36 
38 

40 
41 
43 
45 
47 


.  i 
.2 
.4 
.3 
.3 

.4 
.5 
.6 
.8 
.0 

.4 

8 
2 

.8 
.4 

.1 
.9 

.7 
.8 
.9 


18  4 

19  .1 

19  .8 

20  .5 

21  .3 
21  .2 

23  .1 

24  .0 

25  .0 


26 
27 
28 
29 
30 

82 
33 
34 
36 
37 

39 
41 
43 
45 
47 


18  .0 

19  .i; 

19  .4: 

20  .2 


21  .0 

21  .8" 

22  .7 

23  .6; 

24  .6 

25  .6 

26  .7 

27  .8^ 
29  .01 

se  .2 

31  .6 

32  .0 

34  .2i 

35  .9' 
37  .6 

39  .2 

41  .0| 

42  .8 
44  .8 
46  .9 


17.7 
18.4 
19.1 
19.8 


20 
21 
22 
23 
24 


.6 
.5 
.3 
.3 
.2 


25.3 
26.1 
27.4 
28.6 
29.8 

31.1 
32.5 
34.9 
35  .i 
37.1 


38 
40 
42 
44 
46 


50   l°52'.0  1°51'.5  1°51'.0  1''50'.6.P50'.l  1<»  4^.6  1*»  49'.1  l»48'.l 


I 


The  above  Table  was  computed  with  mean  declination  of 
Polaris  for  each  year.  A  more  accurate  result  will  be  had  by 
applying  to  the  tabular  values  the  following  correction,  wfaidi 
depends  on  the  difference  of  the  mean  and  the  apparent  place 
of  the  star.  (See  Note  in  Art.  605.)  The  deduced  ajnijii^ 
will,  in  general,  be  correct  within  0'.3. 

The  azimuths  in  Table  V  are  reckoned  clockwise  from  tiio 
true  north  for  the  eastern  elongation,  and  counter-clockwitt 
from  the  true  north  for  the  western  elongation.  For  inter- 
mediate latitudes  values  may  be  obtained  by  interpcdatioii 
without  in  general  exceeding  an  error  of  (y.S.  Table  V  and 
the  supplementary  table  have  been  kindly  furnished  by  the 
Superintendent  of  the  U.  S.  Coast  and  Geodetic  Svjvcy  ffw 
publication  in  this  book. 
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ANY  YEAR  BETWEEN   1905  AND   1«20 


1 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

1°  16'.  7 

1"  16'.  4 

1°  16'.  0 

1°  16'.  7 

1°  16'. 3 

l»  15'.  0 

1°  14'.  7 

1°  14'. 3 

17  .3 

16  .6 

16  .3 

16  .3 

16  .0 

15  .5 

15  .3 

14  .9 

18  .0 

17  .7 

17  .3 

17  .0 

16  .6 

16  .3 

15  .9 

15  .6 

18  .7 

18  .4 

18  .0 

17  .7 

17  .3 

17  .0 

16  .6 

16  .3 

19  .6 

19  .1 

18  .8 

18  .4 

18  .1 

17  .7 

17  .4 

17  .0 

20  .3 

19  .9 

19  .6 

19  .2 

18  .8 

18  .5 

18  .1 

17  .8 

21  .1 

20  .7 

20 -.4 

20  .0 

19  .7 

19  .3 

18  .9 

18  .6 

22  .0 

21  .6 

21  .2 

20  .9 

20  .6 

20  .1 

19  .8 

19  .4 

22  .9 

22  .5 

22  .1 

21  .8 

21  .4 

21  .0 

20  .7 

20  .3 

23  .8 

23  .6 

23  .1 

22  .7 

22  .4 

22  .0 

21  .6 

21  .2 

24  .9 

24  .5 

24  .1 

23  .7 

23  .3 

23  .0 

22  .6 

22  .2 

25  .9 

25  .5 

25  .2 

24  .8 

24  .4 

24  .0 

23  .6 

23  .3 

27  .0 

26  .7 

26  .3 

25  .9 

25  .5 

25  .7 

24  .7 

24  .3 

28  .2 

27  .8 

27  .4 

27  .0 

26  .0 

26  .2 

26  .9 

25  .6 

29  .4 

29  .0 

28  .6 

28  .2 

27  .8 

27  .5 

27  .1 

28  ,1 

30  .7 

30  .3 

29  .9 

29  .5 

29  .1 

28  .7 

28  .3 

27  .9 

i      32  .1 

31  .7 

31  .3 

30  .9 

30  .4 

30  .0 

29  .6 

29  .1 

33  .5 

33  .1 

32  .7 

32  .3 

31  .9 

31  .6 

31  .0 

30  .5 

35  .0 

34  .6 

34  .2 

33  .8 

33  .4 

32  .9 

32  .6 

32  .1 

36  .6 

36  .2 

35  .8 

35  .3 

34  .9 

34  .5 

34  .1 

3a  .6 

i      38  .3 

37  .8 

37  .4 

37  .0 

36  .1 

36  .1 

36  .7 

36  .3 

40  .1 

39  .6 

39  .2 

38  .7 

38  .3 

37  .8 

37  .4 

37  .0 

41  .9 

41  .6 

41  .0 

40  .6 

40  .1 

39  .7 

39  .2 

38  .8 

43  .9 

43  .4 

43  .0 

42  .5 

42  .0 

41  .6 

41  .1 

40  .7 

46  .0 

45  .5 

45  .0 

44  .5 

44  .1 

43  .6 

43  .1 

42  .7 

1°48  .2 

1 

i°4r.7 

1°47'.2 

l<»  46' .  2 

1<»46'.2 

1<»45'.7 

P45'.3 

1°44'.8 

?oT  Middle  of 

Correction. 

For  Middle  of  ^ 

Correction. 

uary 

ruary 

ch 

il 

-0'.5 
-0  .4 
-0  .3 
-0  .1 
+  0  .1 
+  0.2 

July 

+  0'.2 

J ••••••♦••••. 

August. . 

4-0  .1 

September 

October 

November 

December 

-0  .1 
-0  .4 

r 

-0  .6 

e 

-0  .8 

• 

TABLE  VI.    DEGREES  AND  TIME. 


TO  SEDUCE  DEGBEES  TO  TIME. 

TO  REDUCE  TIME  TO  DEQHrai 

Ti 

H.M 

• 

H.M. 

1 

it 

ll 

i 

1 

M. 

M. 

M.S. 

M.S. 

S. 

f     -. 

a 

,     » 

~^ 

9.T. 

S,T. 

s 

£ 

a 

T. 

T. 

] 

0     4 

M 

8    S4 

01 

6  44 

, 

i» 

1 

0  15 

fil 

n« 

D     8 

Ei) 

a  US 

03 

6  48 

li 

tNl 

OS 

0  lu 

8* 

ST| 

1    0 

IS» 

I 

0   80 

65 

S    40 

lOfl 

-    4 

3( 

45 
521 

I 

z 

idil 

B 

0    33 

M 

3    M 

10« 

7  13 

41 

?Tl 

I 

J1 

.%a 

u 

0    36 

3    £6 

100 

a  15 

60 

no 

!>t 

^1 

U 

0    Ai 

M 

4      8 

m 

a'o 

5* 

Kt 

la 

3*S 

«i 

:!: 

m 

sao 

10ft 

It 

0    H 

S 

1  iS 

136 

i' 

'ao' 

!6 

a« 

m 

i«ii 

U 

* 

66 

4    £4 

140 

050 

1* 

ari 

^ 

4   15 

BI 

14M 

iGll 

68 

81 

ISi 

4   SO 

fiu 

10 'w 

50 

IS 

ITll 

m 

«l 

TO 

4    40 

160 

10  40 

m 

5T1 

i:M 

H 

84 

W 

4    +8 

170 

iial 

111 

ITBI 

ft 

S30 

TI 

!!■! 

IB 

180 

S8 

38  19 

IBC 

ISl 

18?| 

1831 

Si 

40 

76 

6      0 

laao 

as 

0  is 

73 

i(/e 

S6 

190 

131 

aost 

38 

IB  0 

1    48 

T7 

Ill» 

aiTi 

J  b 

r^ 

19H 

;» 

13  40 

an 

7  15 

B    !!0 

aio 

151 

ssat 

ao  4 

SI 

a    4 

81 

6    24 

ai5 

14  a> 

16 

310 

81 

74S 

Sl 

WlB 

es 

B  as 

161 

»i;i 

S>! 

s  0 

8« 

aoH 

aott 

!i    3d 

wo 

1T| 

son 

BDO 

t^ 

11  1 

35 

s  so 

so 

23S 

15  40 

13 

sro* 

E5 

te 

36 

18) 

3TT| 

nv 

map 

S86 

37 

87 

ai4i 

a  M 

■iW 

16  40 

101 

a9«i 

Sf 

B30 

8* 

3B 

811 

SS 

10 

a  40 

Wl 

a    0 

aBO 

17  ao 

801 

80^1 

40 

10  0 

90 

)illl 

mi 

18    0 

81.1 

41 

«1 

lam 

a 

w 

■JMO 

18  40 

«II 

3«1 

03 

aw 

itian 

as 

330 

S3 

an 

-B    SB 

ail 

:an 

M 

a» 

« 

ao40 

846 

«e 

sae 

IS 

3      4 

w 

B    34 

.4« 

ai  au 

?" 

ssai 

4« 

11  an 

«s 

U  9 

xao 

360 

47 

11  45 

win 

4« 

M 

U» 

<B 

3    36 

as  ■» 

IS  15 

M 

HtJ 

x 

3    V> 

loo 

BflO 

84   u 

30 

laso 

100 

is  B 
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TABLE  VTI. 

REFRACTIONS   IN    TERMS   OF  LATITUDE.   HOUR-ANGLE.  AND 

SUN'S  DECLINATION. 


V  Tables  of  Mga.n  Kevrkctios^  is  Declima.tiov  to  bb  Used  with  th» 

Solar  Attachment. 

Apply  to  the  Declination  aa  Found  in  the  Epheroeris. 


• 

Declinations. 

^ 

For  Latitude  20<*. 

+  20* 

+  15° 

+  10° 

+  5° 

0» 

_5o 

-10* 

-16* 

-20* 

0  h 

0" 

05" 

10" 

15" 

21" 

27" 

33" 

40" 

48" 

2 

03 

07 

13 

18 

24 

30 

36 

44 

52 

8 

06 

13 

18 

24 

30 

36 

44 

52 

1'02 

4 

17 

22 

28 

35 

42 

50 

r  00 

I'll 

1  26 

5 

39 

47 

57 

1'07 

1'20 

1'37 

2  00 

2  32 

3  25 

For  Latitude  30*». 


0  h 

10" 

15" 

21" 

27" 

33" 

40" 

48" 

57' 

1'  08" 

2 

14 

19 

25 

31 

38 

46 

54 

1'05 

1  18 

3 

20 

26 

32 

39 

47 

55 

1'06 

1  19 

1  36 

4 

32 

39 

46 

52 

1'  06 

1*  19 

1  35 

1  67 

2  29 

5 

r  00 

V  10 

1'24 

1'52 

2  07 

2  44 

3  46 

6  43 

13  06 

For  Latitude  40°. 


0  h 

21" 

27" 

33" 

40" 

48" 

57" 

V  08" 

r  21" 

r  39' 

2 

25 

32 

39 

46 

52 

1'06 

1  19 

1  35 

1  67 

8 

33 

40 

48 

57 

r  08 

1  21 

1  38 

2  02 

2  36 

4 

47 

55 

r  06 

r  19 

1  36 

1  58 

2  30 

3  21 

4  69 

5 

V  15 

r3i 

1  51 

2  20 

3  05 

4  25 

7  34 

25  18 

For  Latitude  50*» 


0  1. 

33" 

40" 

48" 

57" 

V  08" 

1'  21" 

1'39" 

2'  02" 

2' 36" 

2 

38 

46 

55 

1*06 

1  18 

1  35 

1  67 

2  28 

3  19 

8 

47 

56 

1'06 

1  19 

1  36 

2  29 

2  31 

3  23 

5  02 

4 

r  02 

1'  14 

1  29 

1  48 

2  16 

2  58 

4  18 

6  59 

19  47 

5 

1  30 

1  51 

2  19 

3  04 

4  22 

7  28 

24  10 

0  h 

For  Latitude  60°. 

48"^ 

57" 

1'  08" 

r  21" 

1'  39" 

2'  02" 

2'  36" 

3'  33" 

6' 23" 

2 

54 

1'  04 

1  17 

1  33 

1  54 

2  24 

3  12 

4  38 

8  15 

8 

1'03 

1  15 

1  30 

1  51 

2  20 

3  04 

4  24 

7  31 

24  44 

J. 

1  18 

1  34 

1  56 

2  28 

3  18 

4  50 

8  53 

5 

1  46  2  11 

2  50 

3  57 

6  21 

15  32 

\ 

6B0  TABIJ!  Vm. 

DECIMALS  OF  A  FOOT  FOR  EACH  32D  OF  AN   INCH. 
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TABLE   IX. 
RECt^'CTlON  OF   INCLINED  DISTANCES  TO  THE  HO;{lZ( 
Inclined  Diaianoe- 100  feet. 


Blope. 

Correctton. 

Horizontal 

Slope. 

Oorraction. 

HoiTHWUl' 
I>l^tlUK«- 

0"   oy 

aO 

S'«i.5 

10    00 

l'fl'5 

L 

-"_i 

»■*" 

w  - 

\      "•'^ 

\»~ 

Table  X. 


REDUCTION  OP  STADIA  READINGS 


TO 


HORIZONTAL  DISTANCES 


AND  TO 


DIFFERENCES  OF  ELEVATION. 


Jjhia  table  was  computed  by  Professor  Arthur  Wintiow. 
State  Geologist  of  Missouri 
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Table  X. 

8TADIA  REDUCTIONS  FOR  READING  100. 


I 

C 

} 

1 

o 

2 

o 

8 

o 

Minutes. 

« 

* 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

C 

100.00 

.00 

99.97 

1.74 

99.88 

3.49 

99.73 

6.3S 

3 

»» 

.06 

tt 

1.80 

99.87 

3  .^5 

99.73 

5.i8 

4 

w 

.13 

tt 

1.86 

tt 

3.60 

99.71 

5.S4 

9 

•• 

.17 

99.96 

1.92 

tt 

3.66 

«t 

5.40 

8 

•• 

.33 

tt 

1.98 

99.86 

3.72 

99.70 

5.46 

10 

M 

.yo 

tt 

3.04 

.. 

8.78 

99.69 

5.se 

13 

«« 

.85 

tt 

2.09 

99.85 

8.84 

*« 

5.67 

14 

M 

.41 

99.95 

3.15 

tt 

3.90 

93.68 

5.63 

16 

«( 

.47 

tt 

3.31 

99.84 

3.95 

tt 

5.69 

18 

U 

.5i 

tt 

3.37 

tt 

4.01 

99.er 

5.75 

30 

«» 

.58 

tt 

3.33 

99.83 

4.07 

99.66 

6.80 

33 

<l 

.64 

99.94 

2.38 

t. 

4  13 

tft 

.5.86 

34 

tt 

.70 

tt 

2.44 

99.83 

4.18 

99.65 

5.92 

36 

99.99 

.76 

ti 

3.50 

t. 

4  24 

9U.64 

5.98 

38 

kt 

.81 

99.93 

3.56 

99.81 

4  .30 

99.63 

6.04 

ao 

it 

.87 

tt 

2.63 

tt 

4.36 

t. 

6.U9 

83 

•• 

.93 

it 

3.67 

99.80 

4  42 

99.63 

6.15 

84 

H 

.99 

It 

2.73 

it 

4  48 

•t 

6.21 

36 

" 

1.0.5 

09  92 

3.79 

99.79 

4..'>.3 

99  61 

6.27 

88 

•  • 

1.11 

\\ 

2.85 

.1 

4  51) 

9«.G') 

6.SS 

40 

M 

1.16 

it 

3.91 

99.78 

4.6.5 

99.. 59 

6.38 

43 

•C 

1.32 

99.91 

3.97 

it 

4  71 

t. 

6.44 

44 

99.98 

1.28 

I. 

ZM 

99.77 

4.76 

99. .58 

6..50 

46 

k» 

1.34 

99.90 

308 

I. 

4.82 

99. 57 

6.56 

48 

»4 

1.40 

.1 

3.14 

99.76 

4.88 

99.56 

6.61 

50 

»» 

1.45 

» 

tt 

3.20 

it 

4.94 

t* 

6.67 

63 

M 

1.51 

99.89 

3.26 

99  75 

4.99 

09. .55 

6.73 

54 

«4 

1.57 

tt 

3.81 

99  74 

5.05 

99.54 

6.78 

66 

99.97 

1.63 

«t 

3.37 

•t 

5.11 

PlKii-S 

6.84 

58 

tt 

1.69 

99.88 

3.43 

99.73 

5.17 

99  53 

6.90 

60 

(t 

1.74 

♦' 

3.49 

ii 

5.23 

99  51 

6.96 

c- 

[-/=    .75 

.75 

.01 

.75 

.04 

.75 

.03 

.75 

.06 

c- 

-/=:1.00 

1.00 

.01 

1.00 

.03 

1.00 

.04 

1.00 

.06 

c- 

-/=1.25 

1.35 

.02 

1.35 

08 

1.35 

.05 

1.35 

.06 
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Table  X. 

BTADIA   BBDUCTIONS  FOR  READING  lOOl 


4 

9 

6 

o 

6 

o 

7 

o 

Minutes. 

-•• 

mmm  m  MJ  %M  *^>CT« 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

•Diff. 

Dist. 

Elev. 

Di8t. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

c 

99.51 

6.96 

99.24 

8.68 

96.91 

10.40 

96.61 

12.10 

2 

ti 

7.02 

99.23 

874 

96.90 

10.45 

98.60 

12.15 

4 

99.50 

7.07 

99.22 

8.80 

98.88 

10.51 

96.48 

12.21 

6 

99.49 

7.13 

99.21 

8.86 

98.87 

10.57 

68.47 

12.26 

8 

99.48 

7.19 

99.20 

8.91 

98.86 

10  62 

98.46 

12.82 

10 

99.47 

7.25 

99.19 

8.97 

98.85> 

10.68 

96.44 

12,<8 

12 

99.46 

7.80 

99.18 

9.08 

96.83 

10.74 

98.48 

12.48 

14 

tk 

7.36 

99.17 

9.06 

96.82 

10.79 

98.41 

12:40 

16 

99.45 

7.42 

99.16 

9.14 

96.81 

10.86 

98  40 

12.56 

18 

99.44 

7.48 

99.15 

9.20 

98.80 

10  91 

98.89 

12.60 

20 

99.43 

7.53 

99.14 

9.25 

96.78 

10.96 

98.87 

12.66 

22 

99.42 

7.59 

99.13 

9.31 

98.77 

11.02 

98.86 

12.72 

24 

99.41 

7.65 

99.11 

9.37 

98.76 

11.08 

98.84 

12.77 

26 

99.40 

7.71 

99.10 

9.43 

98.74 

11.18 

98.88 

12.88 

28 

99.39 

7.76 

99.09 

9.48 

98.78 

11.19 

98.81 

12.88 

80 

99.38 

7.82 

99.03 

9.54 

98.72^11.85 

98.29 

12.94 

82 

99.38 

7.88 

99.07 

9.60 

98.71 

11  .30 

98.38 

18.00 

84 

99.37 

7.91 

99.06 

9.65 

98.69 

11.36 

98.27 

18.06 

36 

99.36 

7.99 

99.05 

9.71 

98.68 

11.42 

98.25 

18.11 

38 

99.35 

8.05 

99.04 

9.77 

98.67 

11.47 

98.24 

18.17 

40 

99.34 

8.11 

99.03 

9.83 

98.65 

11.58 

96.2S 

13.22 

42 

99.83 

8.17 

99.01 

9.88 

98.64 

11.69 

96.20 

18.28 

44 

99.32 

•8.22 

99.00 

9.94 

98.63 

11.64 

98.19 

19.83 

46 

99.31 

8  28 

98.99 

10.00 

98.61 

11.70 

98.17 

1{(89 

48 

99.;i0 

8.34 

98.98 

10.05 

98.60 

11.76 

98.16 

18.45 

50 

99.29 

8.40 

98.97 

10.11 

98.58 

11.81 

98.14 

18.60 

52 

99.28 

8.45 

98.96 

10.17 

98.57 

11.87 

98.18 

18.56 

54 

99.27 

8.51 

98.94 

10.22 

98  56 

11.93 

98.11 

18.61 

56 

99.26 

8.57 

98  93 

10.28 

98.54 

11.98 

08.10 

18.67 

58 

99.25 

8.63 

98.92 

10.34 

98.53 

12.01 

98.08 

18.73 

m 

99  24 

8.08 

98.91 

10.40 

98.51 

12.10 

98.06 

18.78 

r:-hf=    .75 

.75 

.06 

.75 

.07 

.75 

.06 

.74 

.10 

C4-/=:1.00 

c4-/=1.25 

1.00 

.08 

.99 

.09 

.99 

.11 

.99 

.18 

1.25 

.10 

1.24 

.11 

1.24 

.14 

1.24 

.16 
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Tablb  X. 

flTADTA    BEDUCTTONS  FOR  RBADIVO  lOQl 


8 

o 

9 

o 

10' 

..-  1 

lUniit-ftg- 

9 

Hor. 

Diff. 

Hor. 

DtfT. 

Hor. 

Dur. 

Hor. 

Mff. 

Di8C. 

F.Ihv. 

Dist. 

Elev. 

Di8t. 

Elev. 

Dist. 

EltfT. 

c 

96.06 

18.78 

97.55 

15.45 

96.98 

17.10 

96.86 

18.73 

2 

96.05 

13.84 

97.53 

15.51 

96.96 

17.16 

96  S4 

18.78 

4 

98.03 

13.80 

97.53 

15.56 

96.94 

17.21 

96.3i 

?8.84 

6 

98.01 

13.95 

97.50 

15.62 

96.93 

17.26 

96.20 

18.89 

8 

96.00 

14.01 

97.48 

15.67 

96.90 

17.32 

96.37 

18.95 

10 

97.98 

14.06 

97.46 

15.73 

96.88 

17.37 

96.35 

19.00 

13 

97.97 

14.13 

97.44 

15.78 

96.86 

17.43 

96.33 

19.05 

14 

97.95 

n.i7 

97.43 

15.84 

96.81 

17.48 

96.21 

19.11 

16 

97.93 

14.33 

97.41 

15.89 

96.8a 

17.54 

96.18 

19.16 

18 

9r.93 

14.38 

97.39 

15.95 

96.80 

17.50 

06.16 

19.21 

90 

9r.90 

14.34 

97.37 

16.00 

96.78 

17.65 

96.14 

19.37 

SS 

97.88 

14.40 

•7.35 

16.06 

96.76 

17.70 

96.12 

19.32 

94 

97.87 

14.45 

9r.33 

16.11 

96.74 

17.76 

96.00 

19.»* 

96 

97.85 

14  51 

97.31 

16.17 

96.73 

17.81 

96.07 

19.4.1 

38 

»r.83 

11.56 

97.29 

16.23 

96.70 

17.86 

96.06 

19.48 

89 

97.&S 

11.63 

97.28 

16.28 

96.68 

17.93 

96.08 

19.  M 

83 

97.80 

14.67 

97.36 

16.33 

96.66 

17.97 

96.00 

19.59 

84 

97.78 

14.73 

97.24 

16.39 

96.64 

18.03 

95  38 

19.64 

86 

»r.76 

14.79 

97.23 

16.44 

96.62 

18.08 

95.06 

19.70 

88 

97.75 

14.84 

97.20 

16.50 

96.60 

18.14 

95.93 

19.73 

40 

97.73 

14.90 

97.18 

16.56 

96.57 

18.19 

95.91 

19.80 

43 

97.71 

14.95 

97.16 

16.61 

96.55 

18.34 

95.89 

19.86 

44 

97.69 

15.01 

97.14 

16.66 

96.53 

18.30 

95.86 

19.9! 

46 

97.68 

15.06 

97.12 

16.72 

96.51 

18.35 

95.84 

19  96 

48 

97.66 

15.12 

97.10 

i6.rr 

96.49 

18.41 

95. Si 

20.03 

50 

97.64 

15.17 

97.08 

16.83 

96.47 

18.46 

95.79 

20.07 

53 

97.62 

15.23 

97.06 

16.88 

96.45 

18.51 

95.77 

20.13 

54 

9r.61 

15.38 

97.04 

16.94 

96.42 

18.57 

95.75 

20.18 

56 

97.59 

15.34 

97. 0-2 

16.99 

96.40 

18.68 

95.72 

20.23 

58 

97.57 

15.40 

97.00 

17.05 

96.38 

18.68 

96.70 

20.28 

60 

97.55 

15.45 

96.98 

17.10 

96.36 

18.73 

95.68 

20.34 

c- 

h/=    -TR 

.74 

.11 

.74 

.12 

.74 

.14 

.78 

.15 

c- 

-/  =  V.00 

.99 

.15 

.99 

.16 

.98 

.18 

.98 

J» 

c- 

|-/=1.26 

1.33 

.18 

1.23 

.31  1    1.23 

.33 

1.83 

.35 
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Tabt.b:  X. 

8TADIA  REDUCTIONS  FOR  RBADTirQ  lOOl 


12" 

13" 

14" 

15** 

Minutes 

AVAI  &l«AVX^O* 

Hor. 

DIff. 

Hor. 

DIff. 

Hor. 

Diff. 

Hor. 

Diff. 

Dist. 

Elev. 

DiHt. 

El«v. 

Di»t. 

Elev. 

Dist. 

Elev. 

C 

05.68 

20.34 

04.94 

21.02 

04.15 

28.47 

03.30 

25.00 

2 

95.65 

20.39 

04.01 

21.97 

04.12 

23.52 

93.27 

25.05 

4 

85.63 

20.44 

04.89 

22.02 

04.00 

28  58 

93.24 

25.10 

6 

U5.61 

20.50 

04.86 

22.08 

04  07 

23.6^ 

93.21 

26.16 

8 

95-68 

20.55 

04.84 

22.13 

04  04 

23.68 

93.18 

25.20 

10 

95.56 

20.60 

94.81 

22.18 

04.01 

23.73 

93.16 

26.26 

12 

05.53 

20.66 

94  79 

22.23 

03  98 

23.78 

93.13 

25.30 

U 

C5.51 

20.71 

94.76 

22.28 

98  i*5 

23.88 

93.10 

25.35 

]fi 

05.49 

20.76 

91  73 

22.34 

»4  03 

23. 8H 

93.07 

25.40 

18 

05.46 

20.81 

91.71 

22.39 

03.90 

23.98 

93.01 

25. 4f) 

20 

05.44 

20.87 

94.68 

22.44 

98.87 

28.90 

93.  Ul 

25.50 

23 

05.41 

30.0f 

94.66 

22.49 

93.84 

84.04 

92.98 

25.55 

24 

95.39 

20.07 

91.63 

22.64 

93.81 

21  00 

92.95 

25  60 

26 

05.36 

21.03 

94.60 

2i.60 

93.79 

24.14 

92  92 

25.65 

28 

05.34 

21.08 

94.58 

22.65 

93.76 

24.19 

92.80 

25.70 

30 

05.32 

21.13 

94.55 

22.70 

93.73 

24.24 

92.86 

26.75 

3-2 

05.20 

21.18 

91.52 

22.75 

03.70 

24.29 

92  83 

25.80 

34 

06.27 

21.24 

94.50 

22.80 

03.67 

24.34 

92.80 

25  85 

36 

05.24 

21.20 

94.47 

22.85 

03.65 

24.39 

92.77 

25.9(» 

88 

95.22 

21  84 

94.44 

22.01 

93.62 

24.44 

92.74 

25  95 

40 

95.19 

21.89 

94.42 

22.06 

03.50 

24.40 

92.71 

26.00 

42 

05.17 

21.45 

94.39 

28  01 

03.56 

24.55 

92  66 

26.05 

44 

95.14 

21.60 

94.36 

23.06 

93.53 

24  M 

92.66 

26.10 

46 

9:..  12 

21.55 

94  34 

28.11 

03.50 

24.65 

92.62 

26.15 

48 

95.09 

21.60 

94.81 

28.16 

03.47 

24.70 

92.50 

26.20 

50 

95.07 

21.66 

94.28 

23.22 

03.45 

24.76 

92.56 

26.25 

52 

95.04 

21.71 

04.26 

23.27 

03.42 

24.80 

92.58 

26.30 

54 

95.02 

21.76 

04.23 

28.32 

03.39 

24.85 

92.40 

26.35 

56 

04.99 

21.81 

04.20 

28  37 

93.36 

24.00 

92.46 

2G.40 

58 

94.97 

21.87 

94.17 

23.42 

98.83 

24.05 

92.48 

26.45 

60 

94.94 

21.0-i 

04.15 

28.47 

93.30 

25.00 

92.40 

26.60 

c- 

h/=     .75 

.73 

.16 

.73 

.17 

.73 

.19 

72 

.20 

e- 

-/=  1.00 

.98 

.22 

.07 

.28 

.97 

.26 

.96 

.27 

e- 

-/=  1.26 

1.22 

.27 

1.21 

.20 

1.21 

.81 

1.20 

.34 
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Tablb  X. 

STADIA  REDUCTIONS  FOR  RBADIKG  100. 


16° 

17" 

18" 

19- 

Minuteff. 

Hor. 

Difif. 

Hor. 

Diff. 

Hor.' 

Diff. 

H.#r. 

Diff. 

iJisl. 

Eley. 

Dist. 

Elev. 

DUt. 

Elev. 

DiHt. 

Eler. 

C 

92.40 

26.  rx) 

91.45 

27.96 

90.45 

29.39 

89.40 

30.78 

2 

92.37 

26.55 

91.42 

:!8.01 

90.42 

29.44 

89  86 

80.88 

4 

92.34 

26.59 

91. a9 

28.06 

90.38 

29.48 

89.38 

80.87 

6 

92.81 

26.04 

91.35 

28.10 

90.35 

29.53 

89.29 

ao.ttt 

B 

92.28 

26.69 

9t.32 

28.15 

90.31 

29.58 

89.26 

80.97 

10 

92.25 

26.74 

91.29 

28.20 

90.28 

29.62 

89.2si 

81.01 

13 

92.22 

26.79 

91.56 

28.25 

90.»1 

29.67 

89.18 

81.06 

14 

92.19 

26  84 

91.22 

28.30 

90 'Jl 

29  72 

89^.16 

81.10 

10 

92.15 

26.89 

91.19 

28  34 

90.18 

29. /6 

89  11 

81.15 

18 

92.  li 

26  94 

91.16 

28.39 

90.14 

29.81 

89.08 

81.19 

J». 

92.09 

26.99 

91.12 

28.44 

90.11 

29.86 

89.04 

81.24 

22 

93.06 

27.04 

91.09 

28.49 

90.07 

29.90 

89.00 

81.28 

24 

92.0.1 

27.09 

91.06 

28.54 

90.04 

29.95 

88.96 

81:38 

26 

92.00 

27.18 

91.02 

28.58 

90.00 

80.00 

88.93 

81.88 

28 

91.97 

27.18 

90.99 

28.63 

89.97 

30.04 

88.89 

31.42 

80 

91.93 

27.23 

90.96 

28.68 

89.93 

80.09 

88.86 

81.47 

32 

91.90 

27.^ 

90.92 

28.73 

89.90 

80.14 

88.82 

81.51 

34 

91.87 

27.33 

90.89 

28.77 

89.86 

80.19 

88.78 

31.56 

36 

91.84 

27.38 

90.S6 

28.82 

89  88 

80.28 

88.75 

81  60 

88 

91.81 

27.4:i 

90.82 

28.87 

89.19 

80.28 

88.71 

31.65 

40 

91.77 

27.48 

90.79 

28.92 

89.76 

80.82 

88.67 

81.69 

42 

91.74 

'  27.52 

90.76 

28.96 

89.72 

80.87 

88.64 

81.74 

44 

91.71 

27.. 57 

90.72 

29.01 

89.69 

80.41 

88  60 

31.78 

46 

91.68 

27.62 

90.69 

29.06 

89.65 

30.46 

88.56 

81.88 

48 

91.65 

27.67 

90.66 

29.11 

89.61 

80.51 

88.53 

81.87 

50 

91.61 

27.72 

90.62 

29.15 

89.58 

80.55 

88.49 

81.92 

52 

91.58 

27.77 

00.59 

29.20 

89.54 

80.60 

88.45 

81.96 

54 

91.55 

27.81 

90.55 

29.25 

89.51 

80.65 

88.41 

32.01 

56 

91.52 

27.86 

90.52 

29.30 

80.47 

30.69 

88.88 

82.06 

58 

91.48 

27.91 

90.48 

29.34 

89.44 

80.74 

88.34 

32.09 

60 

91.45 

27.96 

90.45 

29.39 

89.40 

30.78 

88.30 

82.14 

c4-/=    .75 

.72 

.21 

.72 

.28 

.71 

.24 

.71 

.25 

c  +  /=1.00 

.96 

.28 

.95 

.30 

.95 

.32 

.94 

.88 

c-f/=1.25 

1.20 

.86 

1.19 

.38 

1.19 

.40 

1.18 

.48 
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Table  X. 

STADIA  REDUCTIONS  FOR  READING   100. 


20" 

21' 

22° 

28' 

Minutes 

ji>B*m  v%»^» 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Dist. 

Elev. 

Dist. 

Elev. 

Diist. 

Elev. 

Di8l. 

Elev. 

(K 

88.80 

82.14 

87.16 

83.46 

a5.97 

84.78 

84.78 

85.97 

8 

88.26 

82.18 

87.12 

83.50 

a5.93 

84.77 

84.69 

86.01 

4 

88  28 

82.28 

87.08 

88.54 

85.89 

84.82 

84.65 

86.05 

6 

88.19 

82.27 

87.04 

88.59 

85.85 

84.86 

84.61 

86.09 

8 

88.15 

82.82 

87.00 

88.63 

85.80 

34  90 

84.57 

86.18 

10 

88.11 

82.86 

86.96 

83.67 

85.76 

84.94 

84.52 

86.17 

» 

88.08 

82.41 

86.92 

83  72 

85.72 

31.98 

84.48 

36.21 

14 

88.04 

82.45 

86.88 

83.76 

85.68 

a5.02 

84.44 

36.25 

IS 

88.00 

82.49 

86.84 

83  80 

85.64 

85  07 

84.40 

86.29 

18 

87.96 

82.54 

86.80 

83.84 

85.60 

a5.11 

84.35 

86.83 

20 

87.93 

82.58 

86.77 

83.89 

85.56 

35.15 

84.81 

86.87 

22 

87.89 

82.68 

86.73 

83.93 

a5.52 

85.19 

84.27 

86.41 

24 

87.85 

82.67 

86.69 

;«.97 

a5.48 

a5.28 

84.28 

36.45 

20 

87.81 

82.72 

86.65 

34.01 

85.44 

&5.27 

84.18 

36.49 

28 

87.77 

82.76 

86.61 

34.06 

85.40 

a5.31 

84.14 

36.58 

80 

87.74 

82.80 

86.57 

34.10 

85.36 

a5  36 

84.10 

36.. 57 

82 

87.70 

82.85 

86.53 

34  14 

a5.31 

35.40 

84.06 

36.61 

84 

87.66 

82.89 

86.49 

34.18 

a5.27 

35.44 

84.01 

36.65 

86 

87.62 

82.08 

86  45 

34.23 

86.  ja 

35.48 

83.97 

86.69 

88 

87.58 

32.98 

86.41 

34.27 

a5.19 

.35.52 

83.98 

36.78 

40 

87.54 

83.ae 

• 

86.37 

84.81 

85.15 

85.56 

83.89 

86  77 

48 

87.51 

88.07 

86  38 

34.35 

a5.ii 

85.60 

a3.84 

36.80 

44 

87.47 

83.11 

86.29 

34.40 

85.07 

&5.64 

88.80 

36.84 

46 

87.48 

as.  15 

86.25 

34.44 

a5.o-i 

a5.6« 

88.76 

36.88 

48 

87.39 

a3.20 

86  21 

34.48 

84.08 

a5.72 

88.72 

86.92 

60 

87.85 

88.24 

86.17 

84.52 

84.94 

85.76 

88.67 

86:96 

68 

87.81 

88.28 

86.13 

8157 

84.90 

35.80 

83.68 

8iB':eo 

54 

87.27 

88.88 

86.09 

31. CI 

84.86 

a5.85 

83.59 

37.04 

66 

87.24 

88.87 

86.05 

34.65 

84.82 

85.89 

83.54 

87^06 

58 

87.20 

83.41 

80.01 

3I.G9 

84.77 

85.98 

m.bO 

37.12 
87.16 

60 

87.16 

33.46 

86.97 

34.78 

84.73 

85.97 

83.46 

«■] 

\-f=    .75  ^ 

.70 

.26 

.70 

.27 

.69 

.29 

.69 

.80 

c- 

-/=1.00 

.94 

.35 

.93 

.37 

.92 

.88 

.92 

.40 

e-\ 

-/=1.25 

1.17 

.44 

1.16 

.46 

1.15 

.48 

1.15 

.50 
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Table  X. 

STADIA  IlEDUCTIONS  FOR  llBADINQ  lOOl 


24' 

26' 

86' 

27-       1 

Blinutes. 

A*A  aVA  %A  Vr^^t^v 

Hi.r. 

DiCf. 

ITor. 

Diff. 

Hor. 

Diff. 

Hor. 

DMf. 

Dist. 

Elev. 

I>ibt. 

Elev. 

Dist. 

Etey. 

Dbit. 

Rk)T. 

(y 

83.40 

87.16 

82.14 

38.30 

80.78 

89.40 

79.39 

40.45 

2 

83.41 

87.20 

82.09 

38.81 

80.74 

89.44 

79.81 

40  49 

4 

83  «7 

87.23 

82  05 

88.88 

80.69 

89.47 

79.90 

40.52 

6 

a3.83 

87.27 

82.01 

88.41 

80.65 

89.51 

79.26 

40.55 

8 

83.-48 

87.8! 

81.96 

88.45 

80.60 

89.t4 

79  20 

40.59 

10 

83.24 

87.85 

81.92 

88.49 

80.55 

89.68 

79.15 

40.62 

13 

83.20 

37.39 

81.87 

88.53 

80.51 

89.61 

T9.11 

40.66 

14 

83.15 

87.43 

81.83 

88.56 

80.46 

89.65 

79.06 

40.69 

16 

ai.li 

87.47 

81.78 

88  60 

80.41 

89.  C9 

79.01 

40.72 

18 

83  07 

^7.51 

81. ':4 

88.64 

80.87 

89.72 

78.96 

40.7G 

no 

88.02 

87.51 

81.69 

88.67 

80.33 

89.76 

78.98 

40.79 

22 

89.98 

87.58 

81.65 

88.71 

80.28 

89.79 

78.87 

40.83 

24 

82  9:^ 

87.62 

81.60 

38.75 

80  23 

8t».S3 

78.88 

40.86 

26 

82.89 

37.66 

81.56 

3<=.:8 

80  18 

39.86 

78.77 

40  89 

28 

8i.85 

37  70 

81.51 

3?'.^2 

8). It 

39.00 

78.78 

40.92 

SO 

82.80 

37.74 

81.47 

88. b6 

80.09 

89.9) 

78.66 

40.96 

d2 

83.76 

87.77 

81.42 

38.89 

80.04 

89.97 

78.08 

40.99 

34 

83.72 

37.81 

81.38 

38.98 

80.00 

40.00 

78.58 

41  .Oi 
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rVERSION  OP  ENGLISH  STATUTE-MILES  INTO  KILOMETRES. 
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12.8745 
28.967 
45.060 
61.158 
77.246 
93.380 
109.48 
125.52 
141.61 
157.70 
178.79 


Kilo. 
14.4848 
30.577 
46.670 
62.768 
78.856 
94.949 
111.04 
127.18 
148.22 
159.81 
175.40 


J^VERSION  OF  KILOMETRES  INTO  ENGLISH  STATUTE-MILES. 
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TABLE  XIII 
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6859 

4.3588989 

2.6684016 

.052031579 

20 

400 

8000 

4.4721360 

2.7144177 

.050000000 

;wl 

441 

9261 

4.5825';57 

2.7589243 

.047619048 

22 

484 

10648 

4.6904158 

2.8020393 

.045454545 

23 

529 

12167 

4.7958315 

2.8438670 

.043478261 

24 

576 

13824 

4.8989;95 

2.8844991 

.041666667 

25 

625 

15625 

6.0000000 

2.9240177 

.040000000 

26 

676 

17576 

5.0990195 

2.9624960 

.03W61538 

27 

729 

19688 

5.1961524 

8.0000000 

.037057037 

28 

784 

21952 

5.2915026 

3.0365889 

.035714286 

29 

841 

24389 

5.3851648 

8.0723168 

.034482759 

30 

900 

27000 

5.4772256 

8.1072325 

.033338838 

31 

961 

29791 

6.5677644 

8.1413806 

.032258065 

32 

1024 

82768 

5.6568542 

8.1748021 

.031250000 

a3 

1089 

35937 

5.7445626 

8.2075343 

030308080 

•31 

1156 

393(M 

5.8309519 

8.2896118 

.029411765 

So 

1225 

42875 

5.9160798 

8.2710663 

.028571429 

36 

1296 

46656 

6.0000000 

8.3019272 

.027?r7778 

37 

1369 

50653 

6.0827025 

8.8322218 

.027027027 

;38 

1444 

54872 

6.1644140 

.  3.3019754 

.026315789 

39 

1521 

59319 

6.2449980 

8.3912114 

.02564105:6 

40 

1600 

61000 

6.3245553 

8.4199519 

.025000000 

41 

1C)81 

68921 

6.4031242 

8.4482172 

.024390244 

42 

1764 

74088 

6.4807407 

8.4760266 

.023809524 

43    - 

1849 

79507 

6.5574385 

8.5033981 

.023255814 

44- 

19;^ 

85184 

6.6332496 

8.5308483 

.02272727-3 

45 

2025 

91125 

6.7082039 

8.5568933 

.022222222 

«    46 

2116 

97a36 

6.7823;W0 

8.5830479 

.021739180 

47 

2209 

103823 

6.8556546 

8.6088261 

.021276600 

48 

2:304 

110592 

6.9282032 

3.6342411 

.02C833383 

49 

2401 

117649 

7.0000000 

3.6598057 

.020408163 

50 

2500 

125000 

7.0710678 

3.684C314 

.020000000 

51 

2001 

132651 

7.1414284 

3.70842<)8 

.019t07843 

52 

2704 

1-10008 

7.2111026 

8.7325111 

.019230709 

53 

2809 

148877 

7.2801099 

8.7562858 

.018867925 

54 

2i)16 

157464 

7.3484692 

8.7797631 

.018518519 

55 

^25 

16()375 

7.4161985 

8.8029525 

.018181818 

56 

3i;^i 

175016 

7.4833148 

8.8258624 

.017857143 

57 

3249 

1S51J)3 

7.5498344 

8.8485011 

.017543860 

59 

a364 

195112 

7.6157731 

8.8708766 

.017241379 

59 

3481 

205379 

7.6811457 

8.8929965 

.016949153 

60 

3600 

216000 

7.7459667 

8.9148676 

.01G606667 

61 

3721 

226981 

7.8102497 

8.9864979 

.0168394^ 

62 

3844 

238328 

7.8740079 

Z.ydtmSi 

\       AV5AS!SJifia 
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CUBE  ROOTS,  AKD  RECIPROCAI& 


/ 


No. 

Squares. 

Cubes. 

Square 
Boots. 

Cubeltoots. 

Reefprocal 

68 

8969 

250047 

7.9872539 

8.9790671 

.015878011 

64 

4096 

262144 

8.0000000 

4.0000000 

.01509600 

65 

4225 

274625 

8.0622577 

4.0^07256 

.015a846l 

66 

4356 

287496 

8.1240884 

4.0412401 

.015151611 

67 

4489 

800763 

8.1858528 

4.0615180 

.01492587 

68 

4624 

314432 

8.2162113 

4.0616551 

,.01470688 

69 

4761 

828509 

8.8066289 

4.1015661 

.01449276 

70 

4900 

848000 

8.3666003 

4.1212853 

.01428671 

71 

5041 

357911 

8.4261498 

4.1406178 

.O14064B0 

73 

5184 

873248 

8.4832814 

4.1601676 

78 

5329 

889017 

8.5440037 

4.1798890 

.01860868 

74 

5476 

405224 

8.6023258 

4.1933864 

.01361861 

75 

5625 

421875 

8.6602540 

4.2171688 

76 

5776 

438976 

8.7irr979 

4.2358236 

.018167BB 

77 

5929 

456533 

8.7749044 

4.2548210 

.01296701 

78 

6064 

474552 

8.8817609 

4.27^6586 

.01289061 

79 

6241 

4SiiW9 

8.8R81944 

4.2906104 

.01266882 

80 

6400 

512000 

8.9442719 

4.8068695 

.01250000 

81 

6561 

531441 

9.0000000 

4.8267487 

.01284567 

82 

6724 

551308 

9.0558851 

4.8444815 

.01219612 

83 

6889 

571787 

9.1101836 

4.8620707 

.01201819 

84 

7056 

592704 

9.1651514 

4.8795191 

.0119017B 

85 

7225 

614125 

9.2195445 

4.8968296 

.01176470 

86 

7396 

630056 

9.2786185 

4.4140049 

.01162790 

87 

7569 

658503 

9.8278791 

4.4810476 

.011«M95 

88 

7744 

681472 

•9.^808315 

4.4479602 

.01186868 

89 

7921 

704969 

9.4339811 

4.4617451 

.01128696 

90 

8100 

ragooo 

9.4868380 

4.4Sim7 

.01111111 

91 

8281 

75.3571 

9.5393920 

4.4979414 

.01036901 

92 

8464 

778688 

9.5916630 

4.5143574 

.01086966 

93 

8&19 

804357 

9.6436508 

4.5806549 

.01075266 

94 

8836 

830584 

9.6953597 

4.5468859 

.01068899 

95 

9025 

857375 

9.^467948 

4.5629026 

.01052681 

96 

9216 

884736 

9.7979590 

4.5788570 

.01(M1666 

97 

9409 

912673 

9.8488578 

4.5947009 

.01080927 

98 

9604 

941192 

9.89:>4949 

4.6104363 

.01020106 

99 

9801 

970299 

9.9498744 

4.6260650 

.01010101 

100 

10000 

1000000 

10.0000000 

4.6415888 

.01000000 

101 

10201 

1030301 

10.0498756 

4.6570096 

.00900099 

102 

10104 

1061206 

10.0996049 

4.6'4V3«7 

.0096089S 

103 

10609 

1092727 

10.1488916 

4.6875482 

.00970673 

104 

10816 

1124864 

10.1980890 

4.7020694 

.00961686 

106 

11025 

1157625 

10.2469508 

4.n70940 

.00952881 

106 

11236 

1191016 

13.2956301 

4.7326286 

.00948806 

107 

11449 

1225043 

10.8440804 

4.7474594 

.00984670 

108 

11664 

1250712 

10.8923048 

4.762;M)32 

.00  25025 

109 
110 

11881 
12100 

1295029 
1831000 

10.4103065 
1O.4880S85 

4.7768562 
4.7914199 

.00917481 

.00000090 

111 

12321 

1867031 

10.5356538 

4.8053965 

.00000000 

112 

12544 

1404926 

10.5880052 

4.8202846 

.0060286; 

113 

12769 

1442897 

10.6801458 

4.8345881 

.00684066 

114 

12996 

1481544 

10.(770783 

4.8488076 

.00677108 

115 

13225 

1520875 

10.?238053 

4.8629442 

.00660665 

116 

1S456 

1560896 

10.7703296 

4.8769990 

.00602009 

117 

13689 

1601613 

10.8166538 

4.8909732 

.00664700 

118 

13924 

1&48032 

10.8627805 

4.9048661 

.00647467 

119 

14161 

1685159 

10.9067121 

4.9186847 

.00640886 

120 

14100 

1728000 

10.9544512 

4.932^42 

121 

14&41 

1771561 

11.00  OOOO 

4.9460874 

.00626446 

iS2 

14884 

1815848 

11.0453C10 

4.9596757 

.006106n 

133   j 

15129 

1860867 

11.0905365 

4.9731896     . 

.006180ffi 

J5S76  ^ 

1906624 

I    U.l«5Ba»t 

^    \.smni9M\ 

0080GISI 
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TABLE  XVI. — SQUARES,  CUBES,  SQUARE  ROOTS. 


No. 

Squares.^ 

Cubes. 

Square 
Roota 

Cube  Roots. 

Reciprocals. 

125 

15625 

1953125 

11.1808899 

6.0000000 

.006000000 

126 

15878 

2000876 

11.2249722 

6.0132979 

■007936606 

127 

16129 

2048888 

11.2694277 

6.0265257 

.007874016 

128 

16384 

2097152 

11.8187085 

6.0696842 

.007812600 

128 

16641 

2146680 

11.8578167 

6.0527748 

.007761988 

180 

16900 

2197000 

11.4017548 

6.0657970 

.007692806 

181 

17161 

2248091 

11.4456231 

6.0787531 

.007638588 

182 

17424 

2299968 

11.4891258 

6.0916434 

.007575758 

133 

17689 

2352687 

11.5325626 

6.1014687 

.007518797 

134 

17956 

2406104 

11.5768369 

6.1172299 

.007462687 

135 

18225 

2460875 

11.6189500 

6.1299278 

.007407407 

136 

18496 

2515456 

11.6619088 

6.1425632 

.007352941 

137 

18769 

2571853 

11.7046999 

6.1551867 

.00721>95«0 

138 

19044 

2628072 

11.74?^0J 

6.1676498 

.00724637r 

139 

19321 

2686619 

11.7898261 

6.1801016 

.007194245 

140 

19600 

2744000 

11.8321596 

6.1921941 

.007142857 

141 

19681 

2803221 

11.8748121 

6.2048279 

.007092199 

142 

20164 

2868288 

11.9163753 

6.2171084 

.007042254 

143 

20449 

2024207 

11.9582607 

6.2298215 

.000993007 

144 

20736 

2985984 

12.0000000 

6.2414828 

.006944444 

145 

21025 

8018625 

12.0415946 

6.2535879 

.006896552 

146 

21316 

8112186 

12.0880460 

6.2656874 

.006849316 

147 

21609 

8176523 

12.1248557 

6.2776321 

.0068027^1 

148 

21904 

8241792 

12.1656251 

6.289572S 

.006756757 

149 

22201 

8807949 

12.206p556 

6.8014602 

.006711409 

150 

22500 

fSSTWOO 

12.«474487 

5.8132928 

.006666667 

151 

22801 

8442951 

12.2882057 

6.3250740 

.00C022517 

152 

23104 

8511808 

12.3288280 

5.3368033 

.006578947 

153 

28409 

8581577 

12.3693169 

5.81^812 

.000535948 

154 

23n6 

8652264 

12.4096736 

6.3001081 

.000493506 

155 

24025 

8723875 

12.4198996 

6.3716854 

.000151613 

156 

24336 

8796416 

12.4899960 

5.3832126 

.006410256 

157 

24649 

8869893 

12.5299641 

5  8946907 

.0063C9427 

158 

24964 

8944812 

12.5698051 

6.4061202 

.006329114 

159 

25281 

4019679 

12.6095202 

5.4176015 

.006289308 

160 

25600 

4096000 

12.6491106 

5.4288352 

.006250000 

161 

25921 

4173281 

12.6885775 

6.4401218 

.006211180 

162 

26244 

4251528 

12.7279221 

6.4513618 

.000178840 

163 

26569 

4330747 

12.7671453 

5.4625556 

.006134909 

164 

26896 

4410944 

12.8062485 

5.4787087 

.006097561 

165 

27225 

4492125 

12^8452326 

5.4848066 

.006000606 

166 

27556 

4574296 

12.8840987 

6.4958647 

.006024096 

167 

27889 

4657463 

12.9228480 

6.50C8784 

.005988024 

168 

28224 

4741632 

12.9614814 

6.5178484 

.005952381 

169 

28561 

4826809 

13.0000000 

i   .5287748 

.005017160 

170 

28900 

4913000 

13.03S4048 

6.5396583 

.005882353 

171 

29241 

5000211 

13.0766968 

5.5504991 

.005847953 

172 

29584 

5088448 

13.1148770 

5.5612978 

.005818958 

173 

29929 

51VVV17 

13.1529464 

5.5720546 

.005780847 

174 

80276 

6268024 

13.1909060 

5.5827702 

.005747126 

175 

80625 

6359375 

13.2287566 

5.5934447 

.005714286 

176 

30976 

5451776 

13.2664992 

5.6040787 

.005681818 

177 

31329 

5545233 

13.3041347 

5.6146724 

.005649718 

178 

31684 

5639752 

13.3416641 

6.6252263 

.005617978 

179 

82041 

5735339 

13.3790882 

6.6.857408 

.005586592 

180 

32400 

5832000 

13.4164079 

6.6462162 

.005656656 

181 

82761 

5929741 

13.4536240 

5.6566528 

.005524862 

182 

83124 

6028568 

13.4907376 

5.6670511 

.005494606 

183 

83489 

6128487 

13.5277493 

6  6774114 

.005464481 

184 

83856 

6229504 

13.5646600 

6.687?340 

.0054iM;:«a 

185- 

84225 

6331625 

13.6014705 

5.«^«»dA9^ 

186 

84596 

6434856 

13.6381817 

1  5.70B£»y<ns 

e»^ 


CUBE  ROOTS,  AND  RECIPROOALS. 


Ka 

187 

Squares. 

Cubes. 

Square 
Boots. 

Cube  Boots. 

Bcciprocals. 

84969 

6639203 

13.6747943 

5.7184791 

.Oa53475fM 

188 

85344 

6644672 

13.7113092 

5.7286648 

.005319149 

189 

35721 

6751269 

13.7477271 

6.r387936 

.006291006 

190 

86100 

6859000 

18.7840488 

6.7488971 

.005fe1»l68 

191 

8&481 

6967871 

18.8202750 

5.7589652 

.0Gr>28Rf1(e 

190 

36864 

7077888 

13.8564065 

6.7689982 

.0062nK»R 

198 

37249 

7189067 

13.89^4440 

6.7789966 

.006181817 

194 

37036 

7301884 

13.9283883 

6.7889604 

.005154089 

195 

38025 

7414875 

13.9642400 

5.7968900 

.005128206 

196 

88416 

7529539 

14.0000000 

6.8087857 

.0051QS041 

197 

38809 

7645373 

14.0356688 

6.8186479 

.006076142 

198 

89204 

7762892 

14.0712473 

6.8884767 

.006060605 

199 

39601 

7880599 

14.1067360  ' 

5.8882725 

.006025126 

200 

40000 

8000000 

•    14.1421356 

5.8480865 

.006000000 

301 

40401 

8120601 

14.1774469 

5.8577660 

.001975124 

202 

40804 

8^2408 

14.2126704 

5.8674648 

.004960«)5 

208 

41209 

8365427 

14.2478068 

5.8571307 

.004926106 

201 

41616 

8489664 

14.2828569 

5.8867653 

.004901961 

205 

42025 

8615125 

14.8178211 

5.^963685 

.001876049 

206 

42436 

8741816 

14.3527001 

5.90&9406 

.004854869 

207 

42849 

8869743 

14.3874946 

5.9154817 

.001830918 

208 

43264 

8998912 

14.4222051 

6.9249021 

.004807602 

209 

43681 

9129829 

14.4568323 

5.9344721 

.004784669 

210 

44100 

9261000 

14.4913767 

5.9489220 

.004761905 

211 

44521 

9393931 

14.6258390 

5.9683418 

.0(M789396 

212. 

44944 

9528128 

14.6602198 

5.9627820 

.OOiTiem 

213 

45369 

9663597 

14.6945195 

5.9720926 

.004691836 

214 

45796 

0800344 

14.6287388 

6.9814240 

.004672697 

215 

46225 

9938375 

14.6628783 

5.9907264 

.004661163 

216 

46656 

10077696 

14.6969385 

6.0000000 

.001629680 

217 

47089 

10218313 

14.7309199 

6.0C92450 

.004606295 

218 

47524 

10360232 

14.7648231 

6.0184617 

.C01587156 

219 

47961 

10503459 

14.7980486 

6.0276502 

.0O4566S10 

220 

48400 

10048000 

14.8323970 

'      6.0668107 

.004545456 

221 

48841 

10793861 

14.8660087 

6.0469486 

.004624867 

222 

49284 

10941048 

14.8996644 

6.0550489 

.0O46O4S06 

223 

49729 

11089567 

14.9331845 

6.0641270 

.004484dO& 

224 

50176 

11239424 

14.9666295 

6.0731?r9 

.001464286 

225 

50625 

11390625 

15.0000000 

6.0822020 

.004444444 

226 

51076 

11543176 

15.0332064 

!      6.0911994 

.0044247:9 

227 

51529 

11697083 

15.0665192 

6.1001702 

.001406286 

228 

519&4 

11852352 

15.0990689 

1      6.1001147 

.004386966 

229 

52441 

12008989 

15.1327400 

1      6.1160332 

.004366812 

230 

52900 

12167000 

16.1667509 

6.12692Sr 

.004S47¥t» 

231 

53361 

12326301 

15.1966&42 

i       6.1357924 

.004329004 

232 

53824 

12487168 

16.2315462 

1       6.1446337 

.004310845 

233 

54289 

12W9337 

15.2643375 

'       6.1584496 

.004291845 

231 

54756 

12812904 

15.2970585 

6.1622401 

.001278601 

235 

55225 

1297r8';5 

15.3297007 

6.1710058 

.004256819 

236 

55696 

13144256 

15.3622915 

6.1797466 

.004237288 

237 

56169 

13312053 

15.3948043 

6.1884628 

.001219409 

238 

56644 

13481272 

15.4272486 

6.1971544 

.001201681 

239 

57121 

13651919 

15.4596248 

6.2058218 

.004184100 

240 

67600 

13824000 

i      15.4919334 

6.2144650 

.004166667 

241 

58081 

13997521 

'       15.5241747 

6.2?r0848 

.0041499ra 

242 

5R564 

14172488 

i       15.5563492 

6.2816797 

.004132881 

243 

59049 

14348907 

15.5884573 

'      6.2402516 

.C011]f«6 

244 

595:« 

14526784 

15.6204994 

6.2487998 

.owa«6i 

^45 

60025 

14706125 

15.6524758 

6.2572248 

•ooifMua 

»46 

60516 

14886936 

15.6843871 

6.2658266 

OOiCCfCll 

247   j 
2i8    / 

61009 

15069223 

15.7162336 

6.2743054 

oMoifses 

dlSOi 

15252992 

^      15.1480157 

<»."v8®ri<i»S.'^ 

\       .0040att58 

6H6 


TABLE  XVI. — SQUARES,  CUBES,  SQUARE  ROOTS, 


No. 

Squares. 

Cubes. 

Square 
Boots. 

Cube  Boots. 

Beciprocals. 

249 

69001 

15438249 

15.7797338 

6.2911946 

.004016064 

250 

62500 

15623000 

15.8113883 

6.2996058 

.004000000 

251 

63001 

15813251 

15.8429795 

6.8079935 

.008984064 

252 

63504 

16003008 

15.8745079 

6.3168596 

.003968251 

253 

64009 

16194277 

15.9059737 

6.3:^7035 

.003952669 

254 

64516 

16387064 

15.9373773 

6.3330256 

.003937008 

255 

65025 

16581875 

15.9687194 

6.^18257 

.008921569 

256 

65530 

10777216 

16.0000000 

6.3496042 

.003906250 

257 

66049 

16974593 

16.0312195 

6.3578611 

.003891051 

258 

66564 

17173512 

16.0623784 

6.8660968 

.003875909 

259 

67081 

17373979 

16.0934769 

6.3743111 

.008861004 

280 

67600 

17576000 

16.1245155 

6.3825043 

.003846154 

261 

68121 

17779581 

16.1554944 

6.3906765 

.003831418 

262 

68644 

17984728 

16.1864141 

6.3988279 

.003816794 

263 

69169 

18191447 

16.2172747 

6.4069585 

.003802281 

264 

69696 

18399744 

16.2480768 

6.4150687 

.003787879 

265 

70225 

18609625 

16.2788206 

6.4231583 

.003773585 

266 

70756 

18821096 

16.3095064 

6.4312276 

.003758396 

267 

71289 

19034163 

16.3401346 

6.4392767 

.008745318 

268 

71824 

19248832 

16.3707055 

6.4473057 

.003731843 

269 

72361 

19465109 

16.4012195 

6.4553148 

.008717472 

270 

72900 

19683000 

16.4316767 

6.4633041 

.008703704 

271 

7*441 

19902511 

16.4620776 

6.4712736 

.008690087 

272 

73984 

20123648 

16.4924225 

6.4792236 

.003676471 

273 

7452J 

20346417 

16.5227116 

6.4871541 

.003663004 

274 

7r)07G 

20570824 

16.5529454 

6.4950653 

.008649685 

275 

75625 

20790875 

16.58:31240 

6.5029572 

.003636864 

276 

76176 

21024576 

16.6132477 

6.5106300 

.003623188 

277 

7G729 

212589;« 

16.6433170 

6.5186839 

.003610106 

278 

77284 

21484952 

16.6733320 

6.5265189 

.003597122 

279 

77841 

21717639 

16.7032931 

6  5343351 

.003584229 

280 

78400 

21952000 

16.7332005 

6.5421326 

.008571429 

281 

78961 

22188041 

16.7630546 

6.5499116 

.003558719 

282 

79524 

^42.5768 

16.7928556 

6.5576722 

.003546099 

283 

80089 

22065187 

16.8226038 

6.5654144 

.003533569 

284 

80656 

22906304 

16.8522995 

6.5731385 

.003521127 

285 

81225 

23149125 

16.8819430 

6.580^43 

.003508772 

286 

81796 

23393656 

16.9115345 

6.58a5323 

.003496508 

287 

82369 

23639903 

16.9410743 

6.5962023 

.008484321 

288 

82944 

23887872 

16.9705627 

6.6a38545 

.008472222 

289 

83521 

24137569 

17.0000000 

6.6114890 

.003460206 

290 

84100 

24389000 

17.0293864 

6.6191060 

.003448276 

291 

84681 

24642171 

17.0587221 

6.6267054 

.008436426 

292 

85264 

24897088 

17.0880075 

6.6342874 

.008424658 

293 

85849 

25153757 

17.1172428 

6.6418522 

.003412969 

294 

86436 

25412184 

17.1464282 

6.6493998 

.003401861 

295 

87025 

25672375 

17.1755640 

6.6569302 

0^^ 

296 

87616 

259343:36 

17.2046505 

6.6644437 

297 

88209 

26198073 

17.2336879 

6.6719403 

.003367003 

298 

88804 

26463592 

17.2626765 

6.6794200 

.008355705 

299 

89401 

26730899 

17.2916165 

6.6868831 

.008344482 

300 

90000 

27000000 

17.3205081 

6.6943295 

.008838833 

301 

90601 

27270901 

17.3493516 

6.7017593 

.003822259 

302 

91204 

27543608 

17.3781472 

6.7091729 

.003811258 

303 

91809 

27818127 

17.4068952 

6.7166700 

.008800880 

304 

92416 

28094464 

17.4355958 

6.7239508 

.008289474 

305 

93025 

28372625 

17.4642492 

6.7313155 

.003278688 

306 

936:33 

28652616 

17.4928557 

6.7386641 

.008267974 

307 

94249 

28934443 

17.5214155 

6.7459967 

.008257329 

308 

94864 

29218112 

17.5499288 

6.7588134 

.008246758 

309 

95481 

29503629 

17.5783958 

6.760614S 

310 

96100 

29791000 

17.6068169 

\    ft.^iQrt^a^ 
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CUBE  BOOTS,  AND  RECIPROCALa 


No. 

Squares. 

Cubes. 

Square 
Hoots. 

Cube  Roots. 

Beciproca 

811 

96721 

30080231 

17.6351921 

6.7751690 

.00321543 

812 

97344 

30371328 

17.6635217 

6.7824229 

.00320512 

813 

97969 

30664297 

17.6918060 

6.7896613 

.0031948H 

814 

9H596 

30959144 

17.7200451 

6.7968t^ 

.oa3ig47i; 

815 

99225 

31255875 

17.7482:i9:i 

6.8040921 

.00817460 

816 

99856 

31554496 

17.7763888 

6.8112847 

.00316455 

817 

100489 

31855013 

17.80449:38 

6.8184620 

.00315457 

818 

101124 

32157432 

17.8325545 

6.8^)6242 

.00314465 

319 

101761 

32461759 

17.8605711 

6.8:i27714 

.0031*479 

sao 

102400 

32768000 

17.8885438 

6.8399037 

.00312500 

821 

103041 

33076161 

17.9164729 

6.t«70213 

.00311526 

322 

103684 

33386248 

17.9443584 

6.8541240 

.00310559 

823 

104329 

33698267 

17.9722008 

6.8612120 

.00309597 

824 

104976 

34012224 

18.0000000 

6.8682855 

.00308642 

825 

105625 

34328125 

l8.(fcJ775(^4 

6.8753443 

.O03076SB2 

326 

106276 

34(>45976 

18.0554701 

6.8823888 

.00806748 

827 

106929 

34965783 

18.0831413 

6.8894188 

.00805810 

828 

107584 

35287552 

18.1107703 

6.8964iM5 

.008048^ 

829 

108241 

85611289 

18.1383571 

6.9034359 

.0080(>851 

830 

108900 

35937000 

18.1659021 

6.9104232 

.00308030 

331 

109561 

362&4691 

18.1934054 

6.91739tV4 

.00302114 

332 

110224 

36594368 

18.22086?2 

6.9243556 

.a>301204 

333 

110889 

36«J26037 

18.2482876 

6.9313006 

.00».I03UO 

334 

111556 

37259704 

18.2756669 

6.9382321 

.0U299401 

835 

112225 

37595375 

18.3030052 

6.9451496 

.00298507 

336 

112896 

37933056 

18.3303028 

6.9520533 

.00297619 

837 

113669 

382^2753 

18.3575598 

6.9589434 

.011296735 

838 

114244 

38614472 

18.3847763 

6.9658198 

.«)295R58 

839 

114921 

38958219 

18.4119526 

6.9726826 

.00294985 

340 

115C00 

39304000 

18.4390889 

6.9795321 

.002^4117 

341 

116281 

39651821 

18.4661K)3 

6.9863681 

.00294255 

342 

116964 

40001688 

18.4932420 

6.9931906 

.00292397 

343 

117649 

40353607 

18.5202592 

7.0000000 

.00291545 

344 

118336 

40707584 

18.54?2:370 

7.0067962 

.00290697 

345 

119025 

41063625 

18.5741756 

7  0135791 

.002b9855 

346 

119716 

41421736 

18.6010752 

7.0203490 

.00289017: 

347 

120409 

41781923 

18.6279360 

7.0271058 

.00288184 

348 

121104 

42144192 

18.6547581 

7.0:33&497 

.00287356 

349 

121801 

42508549 

18.6815417 

7.0405806 

.00286533 

850 

122500 

42875000 

18.7082869 

7.04'?2987 

.00285714 

351 

123201 

43243551 

18. 7^9940 

7.0540041 

.0(»W900 

352 

123904 

43614208 

18.7016630 

7.0006967 

.00281090 

a53 

124609 

43986977 

18.7882942 

7.0C73707 

.00283286 

354 

125316 

44361804 

18.8148877 

7.0740440 

.00285^485' 

355 

126025 

44738875 

18.84144:37 

7.0806988 

.00281690 

356 

126736 

45118016 

18.807%2:3 

7.0873411 

.0028089» 

357 

127449 

4549921)3 

18.8944436 

7.0939709 

.002801  Id 

858 

128164 

45882712 

18.9208879 

7.1005*<85 

.002793291 

359 
3G0 

128881 
129600 

46268279 
46656000 

18.947295:3 
18.9736000 

7.1071937 

.002TKi51. 

7.1137866 

.  002<  1 1 M 1 

3G1 

130321 

47045881 

19  OOOOOUO 

7.1203«)74 

.00277008 

362 

131044 

474:37928 

19.0262976 

7.1209300 

.00276243 

3G3 

131769 

47832147 

19.0525589 

7.i:3341fci5 

.002754^2 

864 

132496 

48228544 

19.0787840 

7.1400:370 

.00274725 

865 

133225 

48627125 

19.10407:32 

7.1ir>50fK, 

.0l>2739;^ 

866 

133956 

49027896 

19.1311205 

7.15:30901 

.0027aJ24» 

867 

134689 

494^30863 

19.1572441 

7.1595988 

.00272479 

868 

135424 

49836032 

19.18:3:32(51 

7.1600957 

.00271739 

809 

136161 

5024^409 

19.209:3727 

7.1?25809 

.00271002 

870 

136900 

50653000 

19.2353»41 

7.17905M 

.OOaTOcKO 

m    1 

m&n 

51064811 

19.2613603 

7.1K55162 

.0i%>0g541t 

18838i 

11478848 

i9.2«rrao\T> 

V     .00268817 

6SS 


TABLE  XVI.— SQUARES,  CUBES,  SQtfARE  ROOTS, 


No. 

Squares. 

Cubes. 

873 

139129 

51895117 

874 

139876 

52313624 

875 

140625 

52734375 

876 

141376 

53157376 

877 

142129 

53582638 

378 

142884 

54010152 

879 

143611 

54439939 

880 

144400 

54872000 

881 

145161 

55306S41 

882 

145924 

55742968 

883 

146089 

56181887 

881 

147456 

56623104 

385 

148225 

57066625 

886 

148996 

57512456 

;^87 

149769 

67960603 

:«8 

150544 

58411072 

389 

151321 

58863869 

390 

152100 

69319000 

391 

152881 

59776471 

39-^ 

1536G4 

60236288 

393 

154449 

60698457 

894 

1552136 

61162984 

895 

156025 

61629875 

896 

156816 

62099136 

397 

157609 

0257077:^ 

398 

158404 

63044';  92 

399 

159201 

63521199 

400 

160000 

64000000 

401 

160801 

04481201 

402' 

161604 

64964808 

4a3 

162109 

6M50827 

404 

163216 

65939264 

405 

16-1025 

66430125 

406 

1648:16 

60923416 

407 

165049 

67419143 

408 

1661(i4 

67917312 

409 

167281 

68417929 

410 

168100 

68921000 

411 

168921 

69420531 

412 

169744 

699*4528 

413 

170569 

70444997 

414 

171396 

70957944 

415 

172225 

71473375 

416 

173056 

71991296 

417 

173889 

72511713 

418 

•  174?24 

73034632 

419 

175561 

73560059 

420 

176400 

74088000 

421 

177:^1 

74618461 

422 

178084 

75151448 

423 

178929 

75686967 

424 

179776 

.62250^4 

425 

180025 

76705625 

426 

181476 

77308776 

427 

182329 

77&'>1483 

428 

183184 

78402752 

429 

184041 

78953589 

430 

184900 

79507000 

431 

185761 

80062991 

432 

18(i624 

80G21568 

433 

187489 

81182737 

434 

188356 

81746504 

Square 
Koots. 


19.8182079 
19.8390796 
19.8649167 
19.8907194 
19.4164878 
19.4422221 
19.4679223 

19.4935887 
19.5192218 
19.5448203 
19.5703858 
19.5959179 
19.6214169 
19.6468827 
19.6723156 
19.6977156 
19.7230629 

19.7484177 
19.7737199 
19.7989899 
19.8242276 
19.8494882 
19.8746069 
19.8997487 
19.9248588 
19.9499373 
19.9749844 

20.0000000 
20.0249844 
20.0499377 
20.0748599 
20.0997512 
20.1246118 
20.1494417 
20.1742410 
20.1990099 
20.2237484 

20.24^4567 
20.2731349 
20.2977831 
20.-8224014 
20.8469899 
20.8715488 
20.3960781 
20.4205779 
20.4450483 
20.4694895 

20.4939015 
20.5182845 
20.5426386 
20.5669638 
20  5912603 
20.6155281 
20.6397674 
20.6639783 
20.6881609 
20.7123152 

20.7304414 
20.7005395 
20. 7W  6097 
20.8086520 
20.8326667 


Cube  Roots. 

Reciprocals. 

7.1964050 

.002680966 

7.2048322 

.002678797 

7.2112479 

.002666667 

7.2176522 

.002660674 

7.2240450 

.0026BSnaO 

7.23(U268 

.002645608 

7.2367972 

.0026886S2 

7.2431565 

.002681679 

7.2495045 

.002624678 

7.2558415 

.002617801 

7.2621675 

.002610966 

7.2684824 

.002604167 

7.2747804 

.002697409 

7.2810794 

.002590674 

7.2878617 

.002588979 

7.2986380 

.002577320 

7.2996986 

.002670694 

7.3061486 

.002664108 

7.8128828 

.002667646 

7.8186114 

.002651020 

7.8248296 

.002644629 

7.8810369 

.002538071 

7.8872889 

.002581646 

7.8434205 

.002525268 

7.8495966 

.002518892 

7.8557024 

.002512568 

7.361917B 

.002506266 

7.8680680 

.002500000 

7.8741979 

.002498766 

7.3808227 

.002487662 

7.3864878 

.002481890 

7.3925418 

.002476048 

r.3986868 

.002469186 

7. 4047X06 

.0024G3054 

7.4107950 

.002467008 

7.4168595 

.002460960 

7.4229142 

.002444968 

7A2&K89 

.002489084 

7.4349938 

.002438090 

7.4410189 

,002427184 

7.4470842 

.002421806 

7.4530399 

.002416469 

7.4590859 

.002409689 

7.4660228 

.002403846 

7.4709991 

.002398062 

7.4709664 

.002392844 

7.4829242 

.002386086 

7.4888724 

.002380968 

7.4948113 

.002375297 

7.6007406 

.002369668 

7.5066607 

.002364066 

7.5125715 

.002358491 

7.5184730 

.002352941 

7.5243652 

.002847418 

7.530^482 

.002341920 

7.5361221 

.002336449 

7.5419867 

.003331()02 

7.5478423 

.0023256^ 

7.5536888 

.002820186 

7.5595203 

.002314815 

7.5658648 

.0028094QQ 

T-siin^a 
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CtJBfi  HOOTS,  AND  RECIPROCALS. 


L 


No. 

\ 
Squares. 

Cubes. 

Square 
Hoots. 

Cube  Roots. 

Reciproc'iW 

485 

189225 

82312875 

20.8566536 

7.5769819 

.002298851 

436 

190096 

82881856 

20.8806130 

7.5827865 

.0UE2293578 

437 

190969 

83453453 

20.9045450 

7.5885793 

.002288380 

438 

191814 

84027672 

20.9284495 

7.5913633 

.002283105 

489 

192721 

84601519 

20.9523268 

7.6001385 

.0022741^)4 

440 

193600 

86181000 

20.9761770 

7.6059019 

.002272727 

441 

191481 

8&766121 

21.0000000 

7.6116G26 

.002267574 

442 

195364 

86350888 

21.0237960 

7.6174116 

.002262^13 

443 

196219 

86038307 

21.0475652 

7.6231519 

.0aS257?a(i 

444 

197136 

87528384 

21.0713075 

7.6288837 

.0022S2£i2 

445 

198025 

88121125 

21.0950231 

7.6346067 

.0022in91 

446 

198916 

88716536 

21.1187121 

7.6403213 

.002212152 

447 

199809 

89314623 

21.1423745 

7.frl60272 

.002237136 

448 

200704 

89915392 

21.1660105 

7.651?^7 

.002232143 

449 

201601 

90518819 

21.1896201 

7.6574183 

.002227171 

450 

202500 

91125000 

21.21^034 

7.6680913 

.002222228 

451 

203401 

91733851 

7.6687665 

.002217295 

463 

201304 

92345406 

21^2602916 

7.6744303 

.002212389 

458 

205209 

92959677 

21.2837967 

7.6800857 

.002207506 

454 

206116 

98576664 

21.3072758 

7.6857328 

.002202643 

455 

207025 

94196875 

21.8307290 

7.6918n7 

.002197802 

456 

207936 

94818816 

21.3541565 

7.6970023 

.002192062 

457 

208819 

95443993 

21.8776583 

7.7026216 

.002188184 

458 

209764 

96071912 

21.4009346 

7.7082388 

.002183406 

460 

210681 

96702579 

21.4212853 

7.7138448 

.0021786^ 

460 

211600 

97886000 

21.4476106 

7.7194426 

.002173918 

461 

212521 

97972181 

21.4709106 

7.7250325 

.002169197 

468 

213444 

98611128 

21.4941853 

7.7306141 

.0021645(» 

468 

*  214360 

99252847 

21.5174348 

7.7361877 

.002159627 

464 

215296 

99897344 

21.5106592 

7.7417532 

.002155172 

465 

216225 

100544625 

21.5638587 

7.7473109 

.002150588 

466 

217156 

101191696 

21.5870331 

7.7528606 

.002145023 

467 

218089 

101847563 

21.6101828 

7.7581023 

.002141828 

468 

219024 

102503232 

21.6333077 

7.7639361 

.002136758 

469 

219961 

103161709 

21.6564078 

7.7694620 

.002182196 

470 

220900 

103823000 

21.6791834 

7.7749801 

.002127660 

^  471 

221841 

101487111 

21.7025314 

7.7801904 

.002123142 

472 

222764 

105154018 

21.7255610 

7.7859928 

.002118644 

478 

223729 

105823817 

21.7485632 

7.7914875 

.002114165 

474 

221676 

106496421 

21.7715111 

7.7969745 

.ooei09ro5 

475 

225625 

107171875 

21.7944917 

7.8024538 

.002105263 

476 

226576 

107860176 

21.8174212 

7.8079254 

.002100840 

477 

227529 

106531333 

21.8103297 

7.8133892 

.002096436 

47B 

228184 

109215852 

21  86^111 

7.8188156 

.002092050 

479 

229441 

109902239 

21.8860686 

7.8242912 

.002087688 

480 

230100 

110592000 

21.9089023 

7.8297353 

.002088833 

481 

231361 

111284641 

21.9317122 

7.8351688 

.002079002 

482 

232324 

111980168 

21.9544981 

7.8105949 

.002074680 

483 

233289 

112678587 

21.9772610 

7.^60131 

.002070893 

484 

231256 

113379904 

22.0000000 

7.8514214 

.002066116 

485 

235225 

114081125 

22.0227155 

7.8568281 

.002061866 

486 

236196 

114791256 

^.0151077 

7.8622W2 

.002057618 

487 

237169 

115501303 

22.0680765 

7.8676130 

.002058388 

488 

238144 

116214272 

22.0907220 

7.8729941 

.002019180 

489 

239121 

116980169 

22.1133144 

78783684 

.002014990 

490 

210100 

117649000 

22.1359486 

7.8837353 

.002010816 

491 

241061 

118870m 

22.1585198 

7.8890946 

.002036600 

492 

212064 

119095488 

22.1810730 

7.8944168 

.002032520 

4M 

243049 

119823157 

22.2036033 

7.8997917 

.002028896 

244086 

120553781 

22.2261108 

7.9051291 

.00202^91 

495 

245025 

121287375 

1^.2485055 

7.9104599 

.002020268 

496    j 

»mi6  i 

182023936 

22.2710575 

7.9157832 

.002016180 

690 


TABLE  XVI.— SQUARES,  CUBES,  SQUARE  ROOTS. 


No. 

Squares. 

Cu1m».s. 

Square 
Roots. 

497 

217009 

122763473 

22:2934968 

41)8 

218004 

12:^505992 

22.3159136 

499 

1^9001 

124251499 

^.3383079 

600 

250000 

125000000 

22.3006798 

501 

251001 

125751501 

22.3830293 

50Si 

252:01 

]2650(S006 

22.4053565 

503 

253009 

12?-»3527 

22.4276615 

504 

254010 

128024064 

22.4499443 

505 

255025 

128787625 

22.4?22051 

506 

256036 

129554216 

22.4044438 

507 

257019 

130323813 

22.5166605 

508 

258064 

131096512 

22.5388553 

609 

259081 

131872229 

22.5610283 

610 

260100 

132651000 

22.5831796 

511 

261121 

13;i432831 

22.6a53(Wl 

512 

262144 

134217728 

22.6274170 

513 

263169 

i;«)05697 

22.6495033 

514 

264196 

135796744 

22.6715681 

515 

265225 

136590875 

22.6936114 

516 

266256 

137388096 

22.7156334 

617 

267289 

138188413 

22.7376310 

518 

268324 

1389918:^2 

22.7596134 

519 

269361 

189798359 

22.7815715 

620 

270400 

140608000 

22.8035085 

521 

271441 

141420761 

22.8254244 

522 

2?2484 

1422:10618 

aj.airai  93 

52:i 

27:^29 

143055667 

22.8691933 

624 

274576 

143877824 

22.891046:3 

525 

275625 

14470:J125 

22.9128785 

526 

276076 

145581576 

22.9.^6899 

527 

277729 

14G36:n83 

22.9564806 

528 

278784 

14719r9:i2 

22.9782506 

529 

279841 

148035889 

23.00000W 

530 

280900 

148877000 

23.0217289 

531 

281961 

149?21291 

2:3.04.343?2 

532 

283024 

150568768 

23.0651252 

533 

2&4089 

151419437 

2:3.0867928 

534 

285156 

152273304 

23.1084400 

535 

286225 

15;113(«75 

23.1300670 

536 

287296 

153990056 

23.15167:38 

537 

28S3(i9 

15ia>4153 

23.1732605 

538 

289444 

155720872 

23.1918270 

539 

290521 

156590819 

23.2163735 

640 

291600 

157461000 

23.2379001 

541 

292681 

158:M0421 

2:3.2594067 

642 

293764 

1592200S8 

23.2808*35 

643 

291849 

16  103007 

23.3023604 

&14 

295936 

160989184 

23.3238076 

545 

297025 

16187H625 

2:3.34523.51 

546 

298116 

1627713:^6 

2:3. 3(566429 

547 

299209 

16:3667323 

23.388a^'.ll 

548 

300304 

16156(5592 

23.40{):3998 

549 

801401 

165469149 

23.4307490 

550 

802500 

166375000 

23.4520788 

551 

803601 

16?2a4151 

2:3. 473.3802 

552 

804704 

168196608 

2:3.4916802 

553 

305809 

169112377 

2:3.5159520 

654 

306916 

1700:^14(54 

23.537^046 

555 

308025 

170953875 

23.5584380 

656 

809ia6 

171879610 

23..57J)6522 

667 

81024« 

1728aS693 
173741112 

23.6008474 

658 

811364 

23.0220236 

Cube  Roots. 


7.9210994 
7.9264085 
7.9317104 

7.9370053 
7.9422931 


9475^9 
9528477 
9581144 
9633743 
9686271 
97:38731 
9791122 


7.9813444 

7.9895697 
7.9947883 
8.0000000 
8.0052049 
8.0101032 
8.0155916 
8.0207794 
8.0259574 
8.aS11287 
8.0362935 

8.0414515 
8.04660:30 
8.0517479 
8.0568862 
8.0620180 
8.0671432 
8.0722620 
8.0773743 
8.0S24800 
8.0875794 

8.0926723 
8.0977589 
8.1028390 
8.1079128 
8.1129803 
8.1180414 
8.12309(52 
8.1281447 
8.1:3:31870 
8.1382230 

8.14.32.529 
8.1482765 
8.1532939 
8.1.5*3051 
8.16.33102 
8.1083092 
8.173.3020 
8.1782888 
8. 18*32695 
8.1882441 

8.19.32127 
6.1981753 
8.2a31319 
8.2080825 
8.2130271 
8.2179657 
8.2228985 
8.2278254 


Rec'procals. 


002012072 
002008032 
002004006 

002000000 
001996008 
001992032 
001988072 
001984127 
001980198 
001976285 
001972387 
001968.504 
001964637 

001960784 
001956947 
001953125 
001949:318 
001945525 
001941748 
0019379JW 
001934236 
0019.30.502 
001926782 

001923077 
001919:386 
001915709 
001912046 
001908397 
001904762 
0019(H141 
001897533 
0018939.39 
001890:3.59 

001886792 
001883239 
001879699 
001876173 
001872659 
0018691.59 
001865672 
001862197 
0018587:36 
001855288 

001851852 
001848429 
001845018 
001841621 
0018382:35 
001834862 
001*31502 
01)18281.54 
001824818 
001821494 

001818182 
001814882 
001811594 
001808318 
001805054 
001801802 
001798561 

ootTQ^aa 
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CUBE  ROOTS,  AND  RECIPROCALS. 


No 


559 

560 
5G1 
562 
563 

565 
566 
567 
568 
569 

570 
571 
572 
573 
574 
575 
576 
577 
518 
579 

580 
581 
582 
583 
584 
585 
586 
587 
588 
589 

590 
55)1 
5i)2 
503 
594 
595 
596 
597 
598 
599 

600 
601 

C02 
Gv)3 
604 
605 
606 
607 
608 
609 

610 

611 

612 

613 

614 

615 

616 

617 

618 

6J9 

620 


i       618 

/  ^^    J   : 


Squares. 

Cubes. 

812481 

174676879 

313600 

175616000 

314721 

176558i81 

315844 

177504:328 

316969 

17*453547 

318096 

179406144 

319225 

180362125 

320356 

18i;i21496 

321489 

18228426:3 

322624 

1*3250432 

323r61 

184220000 

324900 

185193000 

326041 

186169411 

327184 

187149248 

328329 

188132517 

329476 

189119224 

3306-25  • 

190109375 

31^1776 

191102976 

:^>929 

192100033 

3;BI084 

19:3100552 

8;Jo241 

1941045i9 

336400 

195112000 

a'j7561 

196122941 

338724 

197137368 

339889 

198155287 

341056 

199176704 

342225 

200201625 

343.396 

201230056 

a44569 

2022620a3 

315744 

203297472 

346921 

204330469 

348100 

205379000 

349281 

20<>425071 

350464 

207474688 

351&49 

20S527857 

352838 

2Cf*5&45li4 

354025 

2I0O44875 

Ji'J5216 

211708730 

356409 

212776173 

3.-)7604 

213847192 

358801 

214921799 

360000 

216000000 

301201 

217081801 

362404 

218167208 

363609 

219256227 

364816 

220348864 

366025 

221445125. 

?i6r236 

222545016 

36H449 

223648543 

369(»64 

224755712 

370881 

225866529 

372100 

226981000 

373321 

228099131 

874544 

229220928 

375769 

230346397 

876996 

231475544 

378225 

23260&375 

379456 

233744896 

380689 

2848*5113 

381924 

236029032 

38-3161 

237176650 

384400 

238328000 

Square 
Itoots. 


Cube  Roots. 


23.6431808 

23.6643191 
23.6854:386 
23.7065392 
23.7276210 
23.7486842 
23.7697286 
23.7907545 
2:3.8117618 
23.8327506 
J&>.8537209 

23.8746728 
23.8956063 
23.9165215 
23.9374184 
23.9582971 
23.9791576 
24.0000000 
a4. 0208243 
24.0416306 
24.0624188 

24.0831891 
^.1039416 
24.1246762 
24.1453929 
24.1660919 
24.1867732 
24.2074369 
a4. 2280829 
24.2487113 
^.2693222 

.»4. 2899156 
^.:3104916 
24.3310501 
24.3515913 
24.3721152 
24.3926218 
24.4131112 
^.4335834 
24.4540385 
24.4744765 

24.4948974 
24.5153013 
24.5356883 
24.5560583 
24.5764115 
24.5967478 
24.6170673 
24.6373*00 
24.65T6560 
JW.  6779254 

24.6981781 
24.7184142 
24.7386*38 
SM.  7588368 
24.7790234 
^.7991935 
24.8193473 
24.8394*47 
2-l.*596058 
24.8797106 


8.2376614 

8.2425706 
8.2474740 
8.2523715 
8.2572633 
8.2621492 
8.2670294 
8.2719039 
8.2767726 
8.2816356 
8.:6864928 

8.2913444 
8.2961903 
8.3010304 
8. £058651 
8.3106941 
8.3155175 
8.3203353 
8.3251475 
8.3299542 
8.3347553 

8.3395509 
8.3443410 
8.8491256 
8.3539047 
8.3586784 
8.3634466 
8.8682095 
8.8729668 
8.3777188 
8.382165:3 

8.3872CG5 
8.3015)423 
8.3966729 
8.4013981 
8.4061180 
8.4108326 
8.4155419 
8.4202460 
8.4249448 
8.4296S83 

8.4348267 
8.4390098 
8.4436877 
8.4483605 
8.4530281 
8.4576906 
8.4623479 
8.4670001 
8.4716471 
8.4762892 

8.4809261 
8.4855579 
8.4901*<8 
8.4948065 
8.4994233 
8.5040350 
8.5086417 
8.5182435 
8.51784a3 
8.5224321 
6.52fr0189 


Reciprocals. 


.001788909 

.001786714 
.001782531 
.001779358 
.001776199 
.00177^050 
.001769912 
.001766784 
.001763668 
.001760568 
.001757469 

.001754386 
.001751313 
.00174825S 
.001745201 
.OU1742160 
.001739130 
.001736111 
.001:33102 
.001730104 
.601727116 

.001724138 
.001721179 
.001718218 
.001715266 
.001712889 
.001709408 
,001706485 
.C01708578 
.001700680 
.001697783 

.001694915 
.001692047 
.001689189 
.001686341 
.001683502 
001680672 
.001677862 
.001675042 
.00167^41 
.001669449 

.001666667 
.001663894 
.001661130 
.001658875 
.001656829 
.001652896 
.0U1650165 
.001647446 
.001644737 
.001642096 

.001639844 
.001636661 
001633987 
001631831 
.001628661 
.001620016 
.001628377 
.001620746 
.0016181SS 
.001615609 
.OO161S90B 
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TABLE  XVI  —SQUARES,  CUBES,  SQUARE  ROOTS, 


Squares. 


Cubes. 


Square 
Roots. 


Cube  Roots. 


Reciprocals 


3&5641 

2.39483001 

3808^ 

2I0W1848 

388129 

241804367 

389370 

242970624 

39'JG:i5 

2M140025 

391876 

245314376 

3'J31«i 

246491883 

391384 

247673152 

395641 

248858189 

396900 

250047000 

398161 

251239591 

3tK)4-^4 

2.52435968 

4-0(i89 

253636137 

401 956 

254iU0104 

4i):Wi5 

256047875 

40W96 

25725JM56 

4<»5r69 

2.5t«74853 

4^)7044 

259694072 

40S;W1 

260917119 

4O9(>00 

262144000 

410881 

263374721 

41:3164 

264609288 

413  U9 

26.5847707 

4147.36 

2670899^4 

4160-i5 

2683:36125 

417316 

209.58tJ136 

41S(>i)9 

2r08 40023 

4199()4 

272097792 

4iJl:i01 

273359449 

422500 

27462.5000 

428801 

27-5894451 

425104 

2:7167808 

426409 

27844.5077 

427716 

279726264 

429025 

281011375 

4m\m 

282800416 

431649 

2i^m^3m 

432964 

284890:312 

4:i4281 

286191179 

43.5600 

287496000 

43(5921 

288804781 

438244 

290117528 

4395(yj 

2914S4247 

410896 

292754944 

412225 

294079<)25 

44:i556 

21)5  408296 

4U88') 

2'.M5740<M>3 

44»)2'24 

29S0776:« 

417561 

299418:309 

418900 

300763000 

450  >n 

:3021 11711 

451581 

303464448 

452929 

:304H21217 

4M276 

30(5182024 

455625 

30754(5875 

456976 

30891. 577») 

458:^29 

31()2.S87:W 

459f)84 

3116(5.57.52 

401011 

313a468;]9 

4624(^0 

3144.320(X) 

46  J7(U 

31.5821241 

465J24    j 

3172145m 

24.9198716 
^.9399278 
^.9599679 
24.9799920 
«5. 0000000 
25.0199920 
25.0399681 
25.0599282 
25.0798724 

25.0998008 
25.1197134 
25.1:396102 
25.1.594913 
25.1793566 
25.1992063 
25.2190404 
25.2388589 
25.2586619 
25.2784493 

25.2982213 
25.  :31 79778 
25.3:377189 
25.:i574447 
25.3771551 
25.:3968.502 
25.4165:301 
25.4361947 
25.4558441 
25.4754784 

25.49.50976 
25.. 5147016 
25. 5:342907 
25.. 5538647 
25.57*4237 
25.5929678 
25.615M969 
25.6:320112 
25.6515107 
25.6709953 

25.6904652 
25.7099203 
25.7293607 
25.7487864 
25.7681975 
25.78759.39 
25.8069758 
25. 826*4.31 
25.W56960 
25.8650*43 

25.8^43582 
25.!K):36677 
25.9229628 
2.5.94224:r) 
25.  %1. 51 00 
25.9807621 
2(5.00(K)000 
26.01922:37 
26.0:3843:31 
26.0576284 

26.0768006 
2<5.0{).59767 
26.11.51297 


8.5816009 
8.5861780 
8.5407501 
8.5453173 
8.5498797 
8.r.644872 
8.5589899 
8.5685377 
8.5680807 

8.5726189 
8.5771523 
8.5816809 
8.5862047 
8.5907238 
8.5952380 
8.5997476 
8.6042525 
8.0087526 
8.6132480 

8.6177388 
8.6222248 
8.626706:3 
8.6311830 
8.6:356.551 
8.W01226 
8.6445855 
8.6490437 
8.6534974 
8.6579465 

8.662.3911 
8.(5668310 
8.6712665 
8.6756974 
8.68012.37 
8.684'>456 
8.6889630 
8.69:337.59 
8.6977^43 
8.7021882 

8.7005877 
8.7109827 
8.71537*4 
8.7197596 
8.7241414 
8.7285187 
8.7328918 
8.7:37'2604 
8.7416246 
8.7459846 

8.7.503401 
8.7546913 
8.7.590383 
8.763:3809 
8.7677192 
8.77205.32 
8.7763830 
8.7807084 
8.7850296 
8.789*466 

8.7936593 


\ 


001610306 
001607717 
001605136 
0016U2564 
001600000 
001597444 
001594896 
001592357 
001588825 

001.587302 
001584786 
001582278 
001579779 
001577287 
001574803 
001572327 
001569659 
001567398 
001564945 

001.562500 
001.560062 
001557632 
001.555210 
001552795 
0015.50388 
001.'>47988 
001545595 
00l.'>43210 
001.'>40832 

001538462 
001.536098 
001533742 
001531394 
001529052 
001528718 
001524390 
001.522070 
001519757 
001517451 

001515152 
001512859 
001510574 
001508296 
001.506024 
001503759 
001501502 
001499250 
001497006 
001494768 

0014925.37 
001490313 
001488095 
001485884 
001483680 
001481481 
001479290 
001477105 
001474926 
001472754 

00U7<SeKS 
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CUBE  ROOTS.  AND  RECIPROCALS. 


No. 

Squares. 

Cubes. 

Square 
Boots. 

Cube  Roots. 

Reciprocals 

683 

46(M89 

318611987 

26.1342687 

8.8065722 

.00146419 

6S» 

4tJ7H'i6 

32001:^504 

26.15339:37 

8.8108681 

.001461«B 

685 

4!(m& 

32141912.~> 

26.1725047 

8.8151598 

.001450651 

686 

47ar»96 

32282885^) 

26.1916017 

8.81»U74 

.001457»6 

687 

471969 

324:^270:3 

26.2106848 

8.823:307 

.001456(»l 

688 

473344 

32ri660672 

26.229;i>41 

8.8280099 

.001453l» 

689 

474721 

337082769 

26.2488095 

b.^SSS&d 

.00l46iaS9 

690 

47G100 

328D09000 

26.2678511 

8.8866559 

.001441»5 

691 

47r481 

329939371 

215.2868789 

8.640ft227 

.00144n7B 

692 

478864 

331373888 

26.3056929 

8.6450654 

.001^5067 

693 

480249 

332812557 

26.3248932 

8.6493440 

.001448001 

6»l 

481636 

3&1255384 

26.3438797 

.00144000 

695 

483025 

335702875 

26.3628527 

6.65;S489 

.001488640 

696 

481416 

897153636 

26.3818119 

8.8620952 

.ooi4a8;» 

697 

485809 

338608873 

26.4007576 

6.8663875 

.001434720 

696 

487^204 

840068892 

26.4196896 

8.8706757 

.0014a»65 

699 

488601 

3415^^099 

26.4386081 

6.8748099 

.001480615 

TOO 

490000 

343000000 

26.4573131 

8.8790400 

.001428Sn 

701 

401401 

344472101 

26.4764046 

6.8832661 

.001426631 

703 

492804 

34594^08 

26.4952626 

6.6874882 

.001421601 

708 

4»i209 

347428927 

26.51414W 

8.8917063 

.00142df75 

704 

495616 

348913664 

26.5329983 

6.89592M 

.001420455 

705 

497025 

350402625 

26.5518361 

8.9001804 

.001416440 

706 

498436 

351895816 

26.5706605 

6.9043366 

.001410481 

707 

499&(9 

a>339324:3 

26.58W716 

6.9065867 

.001414127 

708 

501264 

3548W912 

26.60826&4 

6.9127360 

.001412429 

709 

502681 

35<M00829 

26  6271^39 

8.9169811 

4^ 

.001410487 

710 

604100 

357911000 

26.6458252 

8.9811214 

.00140^51 

711 

505521 

359425431 

26.6W5833 

8.9258078 

.001406179 

712 

5069+4 

360944128 

26.6833281 

6.92&4902 

.0014O41M 

713 

508:^69 

362467097 

26.7020598 

6.9336687 

00140S525 

7!4 

509796 

36:3994344 

26.?207784 

8.937»433 

.001400600 

715 

511225 

365525875 

26.73948:39 

6.&420140 

.001896601 

716 

512656 

367061696 

26.7581763 

8.&461609 

.001896618 

717 

514089 

368601813 

26.77fi8557 

6.950^38 

.OO18»f?0O 

718 

515524 

3701462:32 

26.7955220 

6.9545029 

.001892758 

719 

510961 

3716iM959 

26.8141754 

6.9586581 

.OOlifiWSa 

720 

51^400 

373248000 

26.8328157 

8.9626095 

.001888m 

721 

519H41 

3748(Xi361 

26.8514432 

8.9669570 

.0)1386968 

722 

5212W 

376367048 

26.8700577 

8.9711007 

.00188506 

723 

522729 

377933067 

26.888659:3 

6. 9<  52406 

.001888126 

7Zi 

524176 

37950:34;W 

26.9072481 

6.9793766 

.001861215 

725 

525625 

381078125 

26.9258240 

6. 983^)089 

.00187VR0 

726 

527076 

382657176 

26.&443872 

6.9876873 

.001877410 

727 

528529 

3^4240583 

26.9629375 

8.9917620 

.001873616 

728 

5299&4 

385828a'52 

26.9814751 

8.9958629 

.001879866 

729 

531441 

387420189 

27.0000000 

9.0000000 

.00137170 

730 

532900 

389017000 

27.0m5122 

9.0041134 

.0018608BI 

7:^1 

^imi\ 

890617891 

27.0370117 

9.00H2229 

.00186;«l 

732 

5:iW24 

39222:3168 

27.0554985 

9.0123288 

.001866120 

733 

5;i?;iS9 

39:3832837 

27.0739?27 

9.0164309 

.00186CB6 

ru 

5:«756 

395446904 

27.0{»4344 

9.0205293 

.ooi86an 

735 

540->25 

397065375 

27.1U18834 

9.0246239 

.001800644 

736 

541696 

398688256 

27.1293199 

9.028n49 

.OOlS5860i 

737 

54:^109 

400815553 

27.14774:39 

9.0328021 

.001856881 

738 

544644 

401^47272 

27.1<k>1554 

9.0368»>7 

.001856014 

739 

546121 

403583419 

27.16455U 

9.0109655 

.001858180 

740 

547600 

405224000 

2^.2029410 

9.0150419 

.00185m 

741 

549081 

406869021 

27.2213152 

9.0491142 

.0018000 

/       742    . 

5505.'V4 

408518488 

27.2:3i>6769 

9.0531831 

,     .ooisfnoi 

1       744    1 

559049 

4ioir-M()rr 

Ti  .TEWft»« 

9.0572162 

.001M86B 
I      .001841086 

653536 

411830rr^ 

\      Tk  XKmSA 

\     'i.^\^»» 

f>(H 


TABLE  XVI.  —SQUARES,  CUBES,  SQUARE  ROOTS, 


Na 

Squares. 

Cubes. 

Square 
Hoots. 

Cube  Roots. 

Reciprocals. 

745 

555025 

413493625 

27.2946881 

9.0658677 

.001842282 

746 

556516 

415160936 

27.3130006 

9.0694220 

.001340483 

747 

558009 

416832723 

27.3313007 

9.0784726 

.00133o688 

748 

550504 

418508992 

27.3495887 

9.0775197 

.001386898 

749 

561001 

420189749 

27.3678644 

9.0615631 

.0013,85113 

750 

562500 

421875000 

27.3861279 

0.0656080 

.001388883 

751 

564001 

423564751 

27.4048792 

9.0896892 

.001331558 

752 

565504 

425259008 

27.4226184 

9.0936719 

.001829787 

758 

567009 

42695777/ 

27.4408455 

9.0977010 

.001328021 

754 

568516 

428661064 

27.4590604 

9.1017286 

.001328260 

756 

570025 

430368875 

27.47?2638 

9.1057486 

.001324608 

756 

571536 

482U81216 

27.4954542 

9.1097660 

.001322751 

757, 

573049 

488798093 

27.5136380 

0.1137818 

.001321004 

1 

758 

574564 

435519512 

27.5317998 

9.1177981 

.001319261 

759 

576081 

487245479 

27.5499546 

9.1218010 

.001317623 

780 

577600 

488976000 

27.5680975 

9.1258058 

.001316789 

761 

579121 

440711081 

27.5862284 

0.1296061 

.001314060 

762 

580644 

442450728 

27.6048475 

9.1338084 

.001312836 

763 

582169 

444194947 

27.62;.4546 

9.1377971 

.001810616 

764 

5a3696 

445943744 

27.6405499 

9.1417874 

.001306001 

766 

585225 

447697125 

27.6586334 

9.1457742 

.001307190 

766 

586756 

449455096 

27.6767050 

9.1497576 

.001305483 

767 

588289 

451217663 

27.6947648 

9.1537375 

.001803781 

768 

589824 

4529848;i3 

27.7128129 

9.1577139 

.001302083 

769 

591361 

454756609 

27.7808492 

9.1616869 

.001300890 

770 

592900 

456533000 

27.7488789 

9.1656566 

.001298701 

771 

594441 

468314011 

27.7668868 

9.1696226 

.001297017 

772 

595984 

460099648 

27.7^^8880 

9.1735852 

.001295837 

rra 

597529 

461889917 

27.8028775 

9.1775445 

.001298661 

774 

599076 

463684824 

27.8206555 

9.1815003 

.001291990 

775 

600625 

465484375 

27.8388218 

9.1854527 

.001290823 

776 

602176 

467288576 

27.8567766 

9.1894018 

.001288660 

777 

603729 

469097433 

27.8747197 

9.1983474 

.001287001 

778 

605284 

470910952 

27.8926514 

9.1972897 

.001285347 

779 

606841 

472729139 

27.9105715 

9.2012286 

.001288697 

•  780 

60&i00 

474552000 

27.9284801 

9.2051641 

.001282051 

781 

609961 

476379541 

27.9468772 

9.2000962 

.001280410 

782 

611524 

478211768 

27.9642629 

9.2130250 

.001278772 

783 

618089 

480048687 

27.9821372 

9.2169505 

.001277139 

784 

614656 

481890304 

28.0000000 

9.22067^26 

.001275510 

785 

616225 

483736625 

28.0178515 

9.2247914 

.001273885 

786 

617796 

485587656 

28.0356915 

9.25*7068 

.001272266 

787 

619369 

4874434e3 

28.0535208 

0.2326180 

.001270648 

788 

620944 

489303872 

28.0713377 

9.2365277 

.001269086 

789 

622521 

491169069 

28.0691438 

9.2404333 

.001267427 

790 

624100 

493039000 

28.1069386 

9.2448355 

.001265828 

791 

625681 

494913671 

28.1247222 

9.2482344 

.001264223 

792 

627264 

496793068 

28.1424946 

9.2521300 

.001262626 

793 

628849 

496677257 

28.1602557 

9.2560224 

.001261084 

794 

630436 

500560184 

28.1780056 

9.2599114 

.001259446 

795 

632026 

502459875 

28.1957444 

9.2037973 

.C01257862 

796 

633616 

504358;«6 

28.2134720 

9.2676798 

.001256281 

797 

635209 

5062(;i578 

28.2311884  . 

0.2715592 

.001254705 

798 

636804 

508161)592 

28.2488938 

9.2754^52 

.001253133 

799 

638401 

510082399 

28.2665881 

9.2793081 

.001251564 

800 

640000 

512000000 

28.2842712 

0.2881777 

.001250000 

801 

641601 

513922401 

28.3019434 

9.2870440 

.001248480 

802 

648204 

515849608 

28.3196045 

9.2909072 

.001246888 

803 

644809 

517781627 

28.8372546 

9.2947671 

.001245880 

S04 

646416 

519718464 

28.3548938 

9.2986239 

^  .QeV3tASn«^ 

d06 

646025 

521660125 

28.8725219 

Q.BfiSt47n& 

\  .«SV5WSgS!& 

806 

649630  J 

628606616 

28.3901391 

i   tt.«»»9£n% 

\  JWS\'3W««« 

(\«^!S 
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TABLE  XVI.— SQUARES,  CtTBES,  SQUARE  ROOTS. 


No. 

Squares. 

Cubes. 

Squarf 
Boots. 

869 

755161 

656234909 

29.4788059 

870 

756900 

668506000 

29.4957624 

871 

758641 

660776811 

29.5127091 

872 

760384 

663054848 

29.5296461 

878 

762129 

666338617 

29.5466734 

874 

788876 

667627624 

29.6634910 

875 

765625 

669921875 

29.6803969 

878 

767376 

672221376 

29.5972972 

8rr 

769129 

674626133 

29.6141858 

878 

770884 

676836152 

29.6310648 

879 

772641 

679151489 

29.6479342 

880 

774400 

681472000 

29.6647939 

881 

776161 

683797841 

29.6816442 

882 

777924 

686128968 

29.6984848 

888 

779689 

688466387 

29.7153159 

884 

781466 

690607104 

29.7821375 

885  • 

783225 

693154125 

29.7489496 

886 

784996 

696606466 

29.7657521 

887 

786769 

697864103 

29.7825462 

888 

788544 

700227072 

29.7998289 

889 

790321 

702695369 

29.8161030 

890 

792100 

704969000 

29.8328678 

891 

793881 

707347071 

29.8496231 

892 

795664 

T09732288 

29.8663690 

893 

797449 

712121967 

29.8831066 

894 

799236 

714516964 

29.8996328 

896 

801025 

716917:^75 

29.9166506 

896 

802816 

719323136 

29.9332591 

897 

804609 

721734273 

29.9499583 

898 

806404 

724150792 

29.9666481 

899 

806201 

726572699 

29.9833287 

900 

810000 

729000000 

30.0000000 

901 

811801 

731432701 

30.0106620 

902 

813604 

7^3870808 

30.0333148 

908 

816409 

786314327 

30.0499584 

904 

817216 

788763264 

30.0665928 

905 

819025 

741217625 

80.0832179 

906 

820636 

743677416 

30.0996839 

907 

822649 

746142643 

30.1164407 

906 

824464 

748613312 

30.1330383 

909 

826281 

751069429 

30.1496269 

910 

828100 

753571000 

30.1662063 

911 

829921 

756068031 

30.1827765 

912 

881744 

758560628 

30.1993377 

918 

838669 

761048497 

30.2158899 

914 

836396 

763561944 

30.2324329 

91(^ 

887225 

766060875 

30.2489669 

916 

839056 

768575296 

30.2654919 

9lt 

•  840889 

771095213 

30.2820079 

918- 

842724 

773620632 

80.2985148 

919 

844561 

776151559 

30.3150128 

999 

84^400 

778688000 

30.3315018 

921 

848241 

781229961 

80.3479818 

92^ 

850064 

783777448 

30.3644529 

928 

851929 

786330467 

30.3809151 

924 

863778 

788889024 

30.3973683 

926 

855625 

791453125 

30.4138127 

926 

857476 

794022776 

30.4302481 

927 

859329 

796597983 

30.4466747 

928 

861184 

799178752 

30.4630924 

929 

863041 

801765089 

30.4795013 

990 

864900 

804357000 

30.4959014 

Cube  Roots.   Reciprocals. 


9.5427437 

9.5464027 
9.5600589 
9.5537123 
9.5573630 
9.5610108 
9.6646569 
9.5682982 
9.5719377 
9.5755745 
9.5792085 

9.5826397 

9.5864682  ' 

9.5900939 

9.5937169 

9.59?'8378 

9.6009548 

9.6045696 

9.6081817 

9.6117911 

9.6153977 

9.6190017 
9.6226030 
9.6262016 
9.6297975 
9.6333907 
9.6369812 
9.6405690 
9.6441542 
9.6477367 
9.6513166 

9.6548938 
9.6584634 
9.6620403 
9.6656096 
9.6691762 
9.6727403 
9.6763017 
9.6796604 
9.6834166 
9.6869701 

9.6905211 
9.6940694 
9.6976151 
9.7011583 
9.7046989 
9.7082369 
9.7117723 
9.7153051 
9.7188354 
9.7223631 

9.7258883 
9.7294109 
9.7329309 
9.7364484 
9.7399634 
9.7434758 
9.7469857 
9.7504930 
9.7539979 
9.75750Qa 


\ 


.001150748 

.001149425 
.001148106 
.001146789 
.001145475 
.001144105 
.001142857 
.001141553 
.001140251 
.001138952 
.001137056 

.001136364 
.001135074 
.001133787 
.001132603 
.001131222 
.001129944 
.001128668 
.001127396 
.001126126 
.001124859 

.001123596 
.001122384 
.001121076 
.001119821 
.001118568 
.001117318 
.001116071 
.001114827 
.001113586 
.001112347 

.001111111 
.001109878 
.001108647 
.001107420 
.0011(6195 
.001104972 
.001103753 
.001102536 
.001101322 
.001100110 

.001098901 
.001097696 
.001096491 
.001095290 
.001094092 
.001092896 
.001091703 
.001090513 
.001069325 
.001068189 

.001086957 
.001085776 
.001081599 
.001063423 
.001082251 
.001081081 
.00lO;'9914 
.001078749 
.001077586 


OT7 


CUBE  ROOTS,  AND  RECIPROCALS. 


931 

Squares. 

Cube*. 

Square 
Roots. 

Cube  Roots.  > 

Reciprocals. 

866761 

806954491 

80.5122926 

9.7644974 

.001074114 

932 

868624 

809557568 

30.5286750 

9.7679922 

.001072961 

933 

870489 

812166237 

30.5450487 

-9.7714845 

.001071811 

934 

872356 

814780504 

80.5614136 

9.7749743 

.0010:0664 

935 

874225 

817400375 

30.5777697 

9.77W616 

.001009519 

936 

876096 

820025856 

30.5&41171 

9.7819466 

.001068375 

937 

877969 

822656953 

30.6104557 

9.7854288 

.001067236 

938 

879t^ 

825293672 

30.6267867 

9.7889087 

.ooiouxyos 

939 

881721 

827936019 

30.6431069 

9.7923861 

.001064968 

940 

883600 

830584000 

80.6594194 

9.7958611 

.0010688JM) 

941 

885481 

833237021 

30.675?233 

9.7993336 

.001062699 

942 

887364 

835896888 

30.6920185 

9.8028036 

•ooioeisn 

943 

889*^9 

838561807 

30.70e3051 

9.8062711 

.001060445 

944 

891136 

841232884 

80.7245830 

9.8097^63 

.001059982 

945 

893025 

843908625 

80.7408523 

9.8131969 

.001(I5»»1 

946 

894916 

846590536 

80.7571130 

9.8166591 

.001067T»e 

947 

896809 

849278123 

30.7733651 

9.8201169 

.001055966 

948 

896704 

851971392 

30.78'J6086 

9.8285723 

.001051852 

949 

900601 

864670349 

80.805&136 

9.8270252 

.001063741 

950 

902500 

857375000 

80.8220;  00 

9.8304757 

.001052682 

951 

904401 

86001^5351 

80.8382879 

,      9.8339238 

.001051525 

952 

906304 

862801408 

30.8544972 

9.8373695 

.001050420 

953 

908209 

865523177 

30.8706981 

9.8408127 

.001049318 

954 

910116 

868250G64 

30.8868904 

9.8442536 

.001048218 

955 

912U25 

870i)83875 

80.9030743 

9.8476920 

.001047120 

956 

913936 

873722816 

80.9192497 

9.8511280 

.001046025 

1)57 

915849 

876467493 

80.9354166 

9.8M5617 

.001044692 

958 

917764 

879217912 

80.9515751 

9.8579929 

.00104S841 

959 

919681 

881974079 

30.9677251 

9.8614218 

.001042758 

960 

921600 

884736000 

30.9838668 

9.8648488 

.001041667 

961 

923521 

887508681 

31.0000000 

9.8682724 

.OU104U688 

9G2 

925444 

890277128 

31.0161248 

9.8716941 

.001089501 

963 

927:369 

893050347 

81.0322413 

9.8751185 

.0Q10S84S2 

964 

929296- 

805841344 

81.0483494 

9.87B5306 

.0010S73I4 

i 

965 

a31225 

898632125 

81 .0644491 

9.8819451 

.ooioecse9 

' 

966 

9;J3156 

901428696 

31.0605405 

9.8853574 

.001(£5197 

967 

935089 

9042310C3 

'     81.0966236 

9.8887673 

.001(541^6 

9(>8 

937024 

907039232 

•    31.1120984 

9.8921749 

.OOlOSJflftR 

969 

938961 

909853209 

31.1287648 

9.fc955«>l 

.0010611^ 

970 

940900 

912673000 

81.1448230 

O.H»89830 

.OOlOSTfiK 

im 

942841 

915498611 

81.1608729 

9.i;028835 

.0(»02»«6 

972 

94-4784 

918a30048 

31.1769145 

9.9057817 

.O0102i^07 

973 

946729 

921167317 

81.1929479 

9.9091776 

.001027749 

974 

948676 

9240104^ 

81.2069731 

9.9125712 

.001026094 

975 

950625 

926859375 

81.2249900 

9.9159624 

.00102SC41 

976 

952576 

929714176 

81.2409987 

9.9193513 

.001021590 

977 

a'>4529 

932574833 

81.2569992 

9.9227879 

.001028511 

978 

956484 

a35441352 

81.2729915 

9.9261222 

.0910S2I96 

979 

958441 

938313739 

81.2889757 

9.9295042 

980 

960400 

941192000 

31.8019517 

9.9328839 

.001(6<MOB 

981 

962361 

944076141 

31.3209195 

9.9362613 

.001019866 

982 

9(>4324 

9169()6168 

81.33(W792 
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1  7898  7926  7966  7984  8013  8041  8070  8099  8127  8156 
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8723    9732    9740    0749    9758    9767    9775    9784    G7H3    aWN\ 

0810    9810    9d27    0.i^    984;    98^   ftWi    ti61\    **««»   '^**>'*' 

►Oy 

flBSJ?7  69006  C9914  09923  69932  69040  OMlft  GMbft  ftWJW.  «J«r 

^ 


'7i)H       TABLE  XVTl.-LOGARITHMS  OF  NUMBERS. 


N 

0 

1 

2   3 

4   5   0   7   8 

600 

69897  69906  69914  69923 

699^,2  69940  69049  69968  69906  0 

1 

9984 

9992  70001  70010  70018  70027  70036  70044  70053  ?• 

2 

70070  70079 

0088  0096 

0105  0114  0122  0131  0140  • 

3 

0157 

0165 

0174  0183 

0191  0200  0209  0217  0226  1 

4 

0243 

0252 

0260  0269 

0278  0286  0295  0303  0312  < 

5 

0329 

0338 

0346  0355 

0364  0372  0381  0389  0308  • 

6 

0416 

0424 

0432  0441 

0449  0458  0467  0476  0484  < 

7 

0501 

0509 

0518  0526 

0535  0544  0552  0561  0569  < 

8 

0586 

0595 

0603  0612 

0621  0029  0638  0646  0655  ' 

9 

0672 

0680 

0089  0697 

0706  0714  0723  0731  0740  ' 

510 

70757  70766  70774  70783  70791  70800  70808  70817  70825  7 

1 

0842 

0851 

0859  0868 

0876  0885  0893  0902  0910 

2 

0927 

0935 

0944  0952 

0961  0969  0978  0986  0995 

3 

1012 

1020 

1029  1037 

1046  1054  1063  1071  1079 

4 

1096 

1105 

1113  1122 

1130  1139  1147  1166  1164 

5 

1181 

1189 

1198  1206 

1214  1223  1231  1240  1248 

C 

126i 

1273 

1282  1290 

1299  1307  1316  1324  1332 

7 

1349 

1357 

1366  1374 

1383  1391  1399  1408  1416 

8 

1433 

1441 

1450  1458 

1466  1475  1483  1492  1500 

9 

1517 

1526 

1533  1542 

1650  1669  1667  1676  1584 

520 

71600  71609  71617  71625  71634  71642  71660  71669  71667 1 

1 

1684 

1692 

1700  1709 

1717  1726  1734  1742  1760 

2 

1767 

1775 

1784  1792 

1800  1809  1817  1826  1834 

3 

1850 

1858 

1867  1876 

1883  1892  1900  1908  1917 

4 

1933 

1941 

1950  1958 

1966  1975  1983  1991  1999 

5 

2016 

2024 

2032  2041 

2049  2057  2066  2074  2082 

6 

2099 

2107 

2116  2123 

2132  2140  2148  2156  2165 

7 

2181 

2189 

2198  2206 

2214  2222  2230  2239  2247 

8 

2203 

2272 

2280  2288 

2296  2304  2313  2321  2329 

9 

2346 

2354 

2362  2370 

2378  2387  2395  2403  2411 

530 

72428  72436  72444  72452  72460  72469  72477  72485  72493 ' 

1 

25  »9 

2518 

2526  2534 

2542  2550  2568  2667  2575 

2 

2591 

2599 

2607  2616 

2624  2632  2640  2648  2666 

3 

2673 

2681 

2689  2697 

2705  2713  2722  2730  2738 

4 

2754 

2762 

2770  2779 

2787  2795  2803  2811  2819 

5 

2835 

2843 

2852  2860 

2868  2876  2884  2892  2900 

6 

2916 

2925 

2933  2941 

2949  2957  2966  2973  2981 

7 

2997 

3006 

3014  3022 

3030  3038  3046.  8054  3062 

8 

3078 

3086 

3094  3102 

3111  3119  3127  3135  3143 

9 

3159 

3167 

3175  3183 

3191  3199  3207  3216  3^23 

540 

73239  73247  73255  73263  73272  73280  73288  73296  73304 

1 

3320 

a328 

3336  3344 

3352  3300  3368  3376  3384 

2 

3400 

3408 

3416  3424 

3432  3440  3448  3466  3464 

3 

3480 

3488 

3496  3504 

3512  3520  3528  3636  3544 

4 

3560 

3568 

3576  3584 

3592  3600  3608  3616  3624 

5 

3640 

3648 

3056  3064 

3672  3679  3687  3695  3703 

6 

3719 

3727 

3735  3743 

3751  3759  3767  3775  ^783 

7. 

3799 

3807 

3815  3823 

3830  3838  3846  3864  3862 

/  '^/ 

3S78 

3880 

380-i  3902 

3010  3918  3026  3933  3941 

1     9 

3957 

3906 

3973  30^1 

^^^^  Z9Ra    41005  4013  4020 

660 

74036  74044  74052  7406(>  14Qfe%1^1^n^'^n^RWin«5l^ 

TABLE  XVn— LOGARITHMS  OF  NUMBERS.      70S 


BT 

01234       5d7       Se 

SO 

740S6  74044  74062  74000  74008  74076  740Si  74002  74009  74107 
4i!6    4123   4131    4130   4147    410S    4102    4170    4178   4186 

il(H    4202   4210    4218    4236    4:;33    4241    4219   42.:,7    420S 
4273    4280   4288   4206   4304    4312    4320   4327    4336   4343 

4351    4359   4387    4374   4382    4390    4308   4408   4414    4421 
4420    4437    4Ui   4433   4461    4408    4476    4484   4402    4^00 
4507,4516   4523   4631    4639    4547    45u4   4502    4670   4578 
4586    4593    4601    4609   4017    4624    4632   4640   4648    4650 

4663   4871    4679   4687    *11'S    4702   47)0    4718   4726    4733 

4741    4740    4757    4704   47T2    4780   4788   4703   4803    4811 

74819  74827  74834  74842  748^0  74858  74865  74873  74881  74880 
4806    4001    4912    4020    4027    4935    4043    4050   4968    4966 

4074   4081    4089    4007    5005    6012    6020    5028    5035    5043 

6061    5069    5009    5074    5082    5080    5007    5105    5113    5120 

5128   6136    6143    6151    6159    6186    6174    6182    6189    5107 
6205    6213    5220    5228    6230    6243    5261    5250   6268    5274 

5282    5289    6297    5305    5312    6320    632B    5335    6343    6351 

5358    6366   6374    6381    6380    5307    6404    6412    5420   6427 

6435    5442    5160    6458    6405    6173    5481    5488    6406    6504 

6511    5610   5626    5534    5542    5549   6557    6565.  5572    6580 

76587  75595  75603  76610  76618  75026  76633  766n  75648  766r/l 
5684    6071    6070    6680    5604    5702    5709    5717    6724    57;i2 

6740    5747    5765    5702    6770    5778    6786    6793    6800    6808 

5815    5823    6831    6838    5848    6853    5861    5868    5876    688t 

6891    5899   6906    6914    8921    6020   5937    60-14    6052    6R60 

5967    6074    6082    5089    5997    6005    «I12    6020    6027    6035 

6042    6O5O    6057    6005    6072    6080' 61>87    6095    6103    6110 

6118   6125   6133    6140   6148    6156   6163    6170    6178   6186 

6193    0200    6208   6215   6223    6230   6238    6245   6253    6200 

6268    6275   6283    6290   6298    6305   6313    6320   6328   6335 

76343  78360  76368  76365  76373  TWiSO  76388  76306  76403  76410 

6418   6425   6433    64J0   6448    6455    6402    6470   6477    6485 

6492   6500   6507    6615    6522    6630    6537    6545    8563    6559 

0587    6574    6582    6589    6507    6004   6812    6019   6626    6034 

6641    6649   6656    6664    6671    6678   6(186    6693   6701    6708 

6716    6723   6730   6738    6745    6753   6780    6768    6775    6782 

6700    6797    680S    6812    6810    6827    68:!4    6842    6849   6856 

6884    6871    6879   6886    6S93    Oiffll    6908    6919    0023   6030 

6938    6045   6953    6000    6067    8975    0082    6089    8907    70M 

7012    7019    7026    7031    7041    7048    7056    7063    7070    7078 

77085  77003  77100  77107  77115  77122  77129  7'.]37  77144  77161 

7150    7169    7173    7181    7188    7105    7203    7210    7217    7225 

7232    7240    7247    7254    7262    7209    7276    7283    7291    7208 

7305    7313    7320    7327    7335    7342    7349    7367    7364    7371 

7370    7386    7393    7401    7408    7415    7122    7430    7437    7414 

7452    7458    7488    7174    7481    7488    7495    7603    7510    7617 
7525    7532    7639    7646    7654    7561    7668    7676    7583    7500 

7597    7605    7612    7619    7627    7634    7641    7648    7656    7068 

7670    7677    7685    7602    7099    7706    7714    77'iV   1T1%   T^'i'S-X 

7743    7750    7757    7764    7772    7778   778(1    llflS   n«ft\   "l^R^X 

"/ 

rreis  77822  77830  rrmj  77844  77851 778o9  iieaa  nai?.'i'^* 

S«t 
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N 

O 

1 

2   3   4   5   6 

7 

8 

600 

77815  77822  77830  77837  77844  77851  77859  778G6  77873 

1 

7887 

7895 

7902  7909  7916  7924  7931 

79:38 

7945 

2 

7960 

79()7 

7974  7981  7988  7996  8003 

8010 

8317 

3 

8032 

8039 

8046  8053  8061  8068  8075 

8082 

8089 

4 

81)4 

8111 

8118  8125  8132  8140  8147 

8154 

8161 

5 

8176 

8183 

8190  8197  8204  8211  8219 

8226 

82:53 

6 

8247 

8254 

8262  8269  8276  8283  8290 

8297 

8305 

7 

8:319 

8326 

8:533  8340  8347  8355  8362 

8369 

8:576 

8 

8390 

8398 

8405  8412  8419  8426  8433 

8440 

8447 

9 

8462 

8469 

8476  8483  8490  8497  8504 

8512 

8519 

610 

78533  78540  78547  78554  78561  78569  78576  78583  78590 

1 

6604 

8611 

8618  8625  8633  8640  8647 

8654 

8661 

2 

8675 

8682 

8689  8696  8704  8711  8718 

8725 

8732 

3 

8746 

8753 

8760  8767  8774  8781  8789 

8796 

8833 

4 

8817 

8824 

8a31  8838  8845  8852  8859 

8806 

8873 

5 

8888 

8895 

8902  8909  8916  8923  8930 

8937 

8944 

6 

8958 

8965 

8972  8979  8986  8993  9000 

9037 

9014 

7 

9029 

9036 

9043  9050  9057  9064  9071 

9078 

0085 

8 

9099 

9106 

9113  9120  9127  9134  9141 

9148 

9155 

9 

9169 

9176 

9183  9190  9197  9204  9211 

9218 

9225 

620 

79239  79246  79253  79260  79267  79274  79281  79288  79205 

1 

9309 

9316 

9323  9330  9337  9344  9351 

9:558 

9365 

2 

9379 

9386 

9393  9400  9407  9414  9421 

9428 

9435 

3 

9449 

9456 

9463  9470  9477  9484  9491 

9498 

9505 

4 

9518 

9525 

9532  9539  9546  9553  95(J0 

9567 

9574 

5 

9588 

9595 

9602  9609  9616  9023  9630 

9637 

9644 

6 

9657 

9664 

9671.9678  9685  9692  9699 

9706 

9713 

7 

9727 

9734 

9741  9748  9754  9761  9768 

9776 

9782 

8 

9796 

9803 

9810  9817  9824  9831  9837 

9844 

9851 

9 

9865 

9872 

9879  9886  9893  9900  9906 

9913 

9920 

6ao 

79934  79941  79948  79955  79962  79969  79975  79982 

79989' 

1 

80003  80010  80017  80024  80030  80037  80044  80051  80058 1 

2 

0072 

0079 

0085  0092  0099  0106  0113 

0120 

0127 

3 

0140 

0147 

0154  0161  0168  0175  0182 

0188 

0195 

4 

0209 

0216 

0223  0229  0236  0243  0250 

0257 

0264 

5 

0277 

0284 

0291  0208  0305  0312  0318 

0325 

0332 

6 

0346 

0353 

0359  0366  0373  0380  0387 

0393 

0400 

7 

0414 

0421 

0428  04:54  0441  0448  0455 

0462 

0468 

8 

0482 

0489 

0496  0502  0509  0516  0523 

05:50 

0536 

9 

0550 

0557 

0564  0570  0577  0584  0591 

0598 

0604 

640 

80618  80625  80032  8063?  80645  80652  80659  80665  80672  1 

1 

0686 

0693 

0699  0706  0713  0720  0726 

0733 

0740 

2 

0754 

0760 

0767  0774  0781  0787  0794 

0801 

0808 

3 

0821 

0828 

0835  0841  0848  0855  0862 

0868 

0875 

4 

0889 

0895 

0902  0909  0916  0922  0929 

0936 

0943 

5 

01)56 

0963 

0969  0976  0983  0990  09<K> 

1003 

1010 

S 

1023 

1030 

1037  1043  1050  1057  1064 

1070 

1D77 

7 

1090 

1097 

1104  1111  1117  1124  1131 

1137 

1144 

/.'/ 

1158 

1164 

1171  1178  1184  1191  1198 

1204 

1211 

1224 

1231 

1238  VUl   Vro\  l^b"^  Vl^S. 

1271 

1278 

w 

81291  81298  8130$  %\Z\\  ^\^\%  %\^'i^^\'^\  '^VJSSi.^X^A^ 
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X 

O 

1 

2 

3 

4 

5 

6 

7 

8 

• 

059 

81291  81298  8130i  81311  81318  8132^  81331  81338  81345  81351  | 

1 

1358 

1365 

1371 

1378 

1385 

1391 

1398 

1405 

1411 

1418 

2 

1425 

1431 

1438 

1445 

1451 

1458 

1405 

1471 

1478 

1485 

3 

1491 

1498 

1505 

1511 

1518 

1525 

1631 

1638 

1644 

1651 

4 

1538 

1564 

1571 

1578 

1584 

1591 

1698 

1604 

1611 

1617 

5 

1624 

1631 

1637 

1644 

1651 

1657 

1664 

1671 

1677 

1684 

6 

1690 

1697 

1704 

1710 

1717 

1723 

1730 

1737 

1743 

1750 

7 

1757 

1763 

1770 

1776 

1783 

1790 

1796 

1803 

1809 

1816 

8 

1823 

1829 

1836 

1842 

1849 

1856 

1862 

1809 

1875 

1882 

9 

1889 

1895 

1902 

1908 

1915 

1921 

1928 

1935 

1941 

1948 

660 

81954  81961  81968  81974  81981  81987  81994  82000  82007  82014  | 

1 

2020 

2027 

2033 

2040 

2046 

2053 

2060 

2066 

2073 

2079 

2 

2086 

2092 

2099 

2105 

2112 

2119 

2125 

2132 

2138 

2145 

3 

2151 

2158 

2164 

2171 

2178 

2184 

2191 

2197 

2204 

2210 

4 

2217 

2223 

2230 

2236 

2243 

2249 

2256 

2263 

2269 

2276 

6 

2282 

2289 

2295 

2302 

2M08 

2315 

2321 

2328 

2334 

2341 

6 

2347 

2354 

2360 

2367 

2373 

2380 

2387 

2393 

2400 

2406 

7 

2413 

2419 

2426 

2432 

2439 

2445 

2452 

2458 

2465 

2471 

8 

2478 

2484 

2491 

2497 

2504 

2510 

2517 

2623 

2630 

2536 

9 

2543 

2549 

2556 

2562 

2569 

2575 

2582 

2688 

2595 

2601 

€70 

82607  82614  82620  82627  82633  82640  82646  82653  82659  82666  | 

1 

2672 

2679 

2685 

2692 

2698 

2705 

2711 

2718 

2724 

2730 

2 

2737 

2743 

2750 

2756 

2763 

2769 

■2776 

2782 

2789 

2796 

3 

2802 

2808 

2814 

2821 

2827 

2834 

2840 

2847 

2863 

2860 

4 

2860 

2872 

2879 

2885 

2892 

2898 

2905 

2911 

2918 

2924 

5 

2930 

2937 

2943 

2950 

2956 

2963 

2969 

2976 

2982 

2988 

6 

2995 

3001 

3008 

3014 

3020 

3027 

3033 

3040 

3046 

3052 

7 

3059 

3065 

3072 

3078 

3085 

3091 

3097 

3104 

3110 

3117 

8 

3123 

3129 

3136 

3142 

3149 

3155 

3161 

8168 

3174 

3181 

9 

3187 

3193 

3200 

3206 

3213 

3219 

3225 

3232 

8238 

3245 

€80 

83251  83257  83264  83270  83276  83283  83289  83296  83302  83308  | 

1 

3315 

3321 

3327 

3334 

3340 

3347 

3353 

3369 

S366 

3372 

2 

3378 

3385 

3391 

3398 

3404 

3410 

3417 

3423 

3429 

3436 

3 

3442 

3448 

3455 

3461 

3467 

3474 

3480 

3487 

3493 

3499 

4 

3506 

3512 

3518 

3525 

3531 

3537 

3544 

3550 

3666 

3663 

5 

3569 

3575 

3582 

3588 

3594 

3601 

3607 

3613 

3620 

3626 

6 

3632 

3639 

3645 

3651 

3058 

3664 

3670 

3677 

3683 

3689 

7 

3696 

3702 

3708 

3715 

3721 

3727 

3734 

3740 

3746 

3763 

8 

3759 

3705 

3771 

3778 

3784 

3790 

3797 

3803 

3809 

3816 

9 

3822 

3828 

3835 

3841 

3847 

3853 

3860 

3866 

3872 

3879 

€90 

83885  83891  83897  83904  83910  83916  83923  83929  83935  83942  | 

1 

3948 

3954 

3960 

3907 

3973 

3979 

3985 

3992 

3998 

4004 

2 

4011 

4017 

4023 

4029 

4036 

4042 

4048 

4065 

4061 

4067 

3 

4073 

4080 

4086 

4092 

4098 

4105 

4111 

4117 

4123 

4130 

4 

4136 

4142 

4148 

4165 

4161 

4167 

4173 

4180 

4186 

4192 

5 

4198 

4205 

4211 

4217 

4223 

4230 

4236 

4242 

4248 

4265 

6 

4261 

4207 

4273 

4280 

4286 

4292 

4298 

430S 

4311 

4317 

7 

4e323 

4330 

4336 

4342 

4348 

4354 

4361 

4367 

4373 

4379 

8 
9 


7001 


4386  4392  4308  4404  4410  4417  4423  44*2.^  \^^  V^V^\ 
4448  4454  4400  UGQ    4473  4479  44^^  44a\  AA^I  ^^^^\ 

84510  84516  84522  84528  84535  84541  84547  %4?)b^  ^A^^^  ^\5«^ 


712      TABLE  XVII,-LOGARlTHMS  OP  NUUBERa 


84510  84516  84J22  84S28  SiuCi  81i41  81517  84553  8455B 

4572  4578  4584  4500  4597  4003  4609  4615  4021 

4034  4640  4648  4052  4058  400j  4871  4677  4883 

4606  4702  4708  4714  4720  4726  4733  4789  4745 

4757  4783  4770  4778  4782  4788  4794  4800  4807 

4B19  4826  4831  4837  4844  48^0  4856  4862  4888 

4880  4887  4803  480S  4U05  4911  4017  4924  4930 

4942  4048  4954  4060  4907  4973  4070  4985  49B1 
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The  ordinary  methods  of  interpolation  for  seconds  of  are 
are  not  accurate  for  sinesj  tangents,  and  cotangents  when  angles 
are  between  0°  and  2°,  or  for  cosines  \yhen  angles  are  between 
88°  and  90*^.  When,  therefore,  great  accuracy  is  desired  the 
methods  given  below  may  be  used 

I.  Given:   Angle  A.     Required:    log  sin  A. 

log  sin  A  =  log  A  (in  seconds) +  (5—/)  for  sin.* 

II.  Given:  log  sin  A.    Required:    Angle  A, 

log  A  (in  seconds)  =  log  sin  A  —  {q—l)  for  sin.* 

Illustration  J: 

To  find  log  sin  0°  36'  25". 
log  A  in  sec.  (2185")     =3.339451 
{q  - 1)  for  0°  36'  (sin)*  =   4.685567 

log  sin  0°  36' 25"  =   8.025018 


Illustration  II: 
log  sin  .4  =  8.096340.     Find  A. 
log  sin  A  =8.096340 

iq-l)  for  sin*  =  4.685564 


log  .4  (in  sec.)  =  3.410776 

A  (in  sec.)   =2575'  oi  A  =  0*42' SB* 

III.  Given:   Angle  A.    Required:    log  tan  A. 

log  tan  A  =  log  A  (in  seconds)  +  iq  —  l)  for  tan.* 

IV.  Given:  log  tan  A .     Required:    Angle  A . 

log  A  (in  seconds)  =  log  tan  A  —  {q—l)  for  tan.* 


Illustration  III: 

To  find  log  tan  0°  36'  25". 
log  A  in  sec.  (2185")     =3.339451 
iq-l)  for0°36'  (tan)*=   4.685591 

log  tan  0°  36'  25"        =   8.025042 


Illustration  IV: 
log  tan  A  =    8.220000.     Find  .4. 
log  tan  A  =    8  220000 

(9-Z)fortan*=   4.685615 


log  A  (in  sec.)=   3.534385 

A  (in  sec. )        =  3423"  or  A  =  0»  5r  (W 


V.  Given:   Angle  A.     Required:    log  cot  A. 

log  cot  A  =  (5+Z)— log  A  (in  seconds). 
VI.  Given:   log  cot  A.     Required:    Angle  A. 

log  A  (in  seconds)  =  (q  +  0  — log  cot  A. 

Illustration  V:  t                 Illustration  VI: 

To  find  log  cot  0°  56'  1 2".  log  cot  A  =  12.000  000.     Find  A. 

(q  +  l)                               =15.314387  (q  +  l)                =15.314  411 

lo«  A  in  sec.  (3372")     =   3.527888  I    log  cot  A         =  12.000  000 


lo2  cot  A  =11.786499 


log  A  (in  sec.)  =   3.314411 

A  (in  sec.)  =  2063"  or  A  =  0°  34' 2^ 


Cosineg. — When  the  cosine  of  an  angle  from  88°  to  90**  is 
given  or  required,  use  the  sine  of  90°  mmus  the  angle,  proceed- 
ing as  above. 

*  For  all  angles  up  to  2°  the  first  four  figures  of  (q—t)  are  4.6S5  and 
the  tirst  five  figure.s  of  (q-hl)  are  15.314.  The  la.««t  three  figures  are  to 
be  foiind  in  the  column  hcjuled  (q  —  l)  or  (q  +  l)  oppa««ite  the  anele  moat 
neirly  corresponding  to  .1.  Note  that  the  (q  —  l)  column  is  double,  the 
left-hand  half  being  used  for  sines  and  the  right-hand  half  for  tangent*, 
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.997869 
.997855 
.997841 

0.997827 
.997813 
.997299 
.997286 
.997871 
.99785r 
.997242 
.997228 
.997214 
.997199 

9.997185 
.997170 
.997156 
.997141 
.997127 
.997112 
.997098 
.997083 
.997068 
.997053 

9.997089 
.997024 
.997009 
.9969»1 
.996979 
.996964 
.996949 
.996934 
.996919 
.996904 

9.996889 
.996874 
.996858 
.996843 
.996828 
.996812 
.996797 
.99G7H2 
.996766 

9.996761 


Sine. 


D.f. 


.22 
.22 
.23 
.22 
.23 

.23 
.22 
.28 

!03 

.28 
.22 
.08 
.08 
.03 
.08 
.28 
.28 
.03 
.28 

.28 
.23 
.23 
.23 
.23 
.25 
.23 
.23 
.25 
.28 

.25 
.23 
.25 
.23 
.25 
.23 
.25 
.25 
.25 
.28 

.25 
.25 
.25 
.25 
.25 
.26 
.25 
.25 
.25 
.25 

.25 
.27 
.25 
.27 
.27 
.25 
.25 
.27 
.25* 


D.  r. 


Tang. 


9.001620 
.002884 
.004044 
.005251 
.006455 
.007665 
.028850 
.080046 
.081287 
.082425 
.088600 

9.034791 
.085969 
.087144 
.088316 
.089485 
.010651 
.041818 
.042973 
.044130 
.045284 

9.046434 
.047582 
.048727 
.019869 
.051008 
.062144 
.063277 
.054407 
.055535 
.056659 

9.057781 
.058900 
.060016 
.061130 
.062240 
.063848 
.064453 
.065556 
.066655 
.067752 

9.068846 
.069938 
.071027 
.072113 
.078197 
.074278 
.075356 
.076432 
.077505 
.078576 

9.079644 
.080710 
.081773 
.082833 
.083891 
.084947 
.086000 
.087050 
.068096 

9.089144 


D.  r. 


Cotang. 


00.28 

20.17 

20.12 

20.07 

00.00 

0.95 

9.90 

9.85 

9.80 

9.73 

9.70 

9.68 
9.58 
9.53 
9.48 
9.43 
9.37 
9.38 
9.28 
9.23 
9.17 

9.13 
9.08 
9.03 
8.98 
8.93 
8.88 
883 
8.80 
8.78 
8.70 

8.65 
8.60 
6.57 
8.50 
8.47 
8.42 
6.38 
8.82 
6.26 
8.25 

8.20 
8.15 
8.10 
8.07 
8.02 
7.97 
7.93 
7.88 
7.85 
7.80 

7.77 
7.72 
7.67 
7.63 
7.60 
7.55 
7.50 
7.47 
7.48 


10.976880 
.977106 
.975956 
.974749 
.973545 
.972345 
.971148 
.969954 
.968768 
.967575 
.966891 

10.965000 
.964081 
.960856 
.961684 
.960515 
.059349 
.958187 
.957027 
.955870 
.951716 

10.953566 
.952418 
.951273 
.060181 
.948992 
.947556 
.946723 
.945593 
.944465 
.948841 

10.94^^19 
.941100 
.939984 
.938870 
.937760 
.936652 
.935547 

.933345 
.932248 

10.931154 
.930062 
.928973 
.927887 
.926803 
.925722 
.9fU644 
.923568 
.922495 
.921424 

10.920856 
.919290 
.918227 
.917167 
.916109 
.915053 
.914000 
.912950 
.911902 

10.910856 


60 

59 
58 
57 
56 
55 
54 
58 
52 
51 
50 

49 
46 
47 
46 
45 
44 
48 
42 
41 
40 

89 

38 

37 

86 

35 

34 

83 

82  / 

81  \ 

80 

29 
28 
27 
20 
25 
24 
23 
22 
21 
20 

19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 
8 
7 
6 
5 
4 
8 
0 
1 
0 


Cotang.  I  D.V.  ^    1wb%,    \  • 
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TABF.K   XVIII.--IX)OARiTiIMIC  SINES. 


m 


I        I  I 

.     '        Sine.     I  D.  r. 


0 
1 

•I 

:i 

4 

tt 
G 
7 
8 
9 
lU 

11 
12 
13 
14 

ir> 

10 
17 

IK 
lit 
HO 

21 
&> 

2;i 
su 

2(> 
27 

2K 
2U 
80 


81 
%! 
8:^ 

8^1  : 
&*)  I 
86 
87 

8H  . 
80  i 
44)  I 


OiKViOl 

.UNIiKMI 
UlllOitS 

.«)1>4<M7 

9.()imx» 
Annnw 

.(KKNNm 
.lOlU'id 

.iy:ju«7 

.lU'idlO 
O.IOtiiCS 

.i()7or>i 

.1UW«7 
•  KUlWil 
.110H73 
.niKl:2 
.1 12^)9 
.118771 

.in7:j7 

.115C1* 


41 
4-2 

4;j 

41 
45 
4G 
47 

4K 
4U 
60 

51 
52 
5:i 

55 
6(1 
67 
5K 
6!) 
60 


0 


.n7«i3 

.lIK.Vi7 
.11<X)1<) 
.  1201(i!) 
.121117 

.122;k;2 
.12:»k; 

.12121H 
.125IK7 

y.l2<5125 
.  127(XiO 
.12?.IH3 
.12S1W5 
.12llK->4 
.i:«)7Kl 
.181700 
.i:)2('»80 
.i:av>i 

.18H70 

y.i35:«7 

.iy?JlG 
.18X128 
.irjlKW 
.181>iM4 
. 1 10850 
.1417M 
.  1 12(>55 
3.14:&'>5 


7.13 

7.0H 
7.05 
7.00 

o.irr 

0.U8 
«}.8« 
0.K8 
O.fti 
0.77 
0.?2 

6.08 
0.(k5 
0.«I2 
0.57 
0.58 
0.48 
0.47 
0.42 
0.37 
0.85 

0.80 
0.27 
0.2:) 
0.20 
0.15 
0.12 
0.08 
0.05 
0.02 
5.97 

5.96 
5.  IK) 
5.87 
5.8;) 
5.80 
5.75 
5.78 
5.70 
5.05 
5.03 

5.58 
5.55 
5.53 
5.48 
5.45 
5.42 
5.40 
5.85 
5.82 
15.28 

S.27 
n  *>*> 

5.15 
5.12 
5.10 
6.07 
5.02 
5.00 


Coeliie.  I  D.  1'.  |'    Tang.   ]  D.  1". 


I 


'    i  Cosine.  I  D.  1'. 


9.996751 
.9907:i5 
.990?20 
.9907(M 
.9WJ088 
.99007^ 
.990057 
.996041 
.990025 
.996010 
.996594 

9.996678 
.996502 
.996U6 
.996680 
.996514 
.99(M!)K 
.990482 
.99(M05 
.99&t49 
.996488 

9.99W17 
.IKHMOO 

.mmi 

.996851 
.990885 
.MW818 
.996802 
.99()2K5 
.996269 

9.99(i252 
.99fJ2:i5 
.99(i219 
.99(i202 
.9901K'> 
.990108 
.990151 
.9901.'^ 

.mnn 

.996100 

9.090088 
.9i)0(N')0 
.900040 
.090082 
.i)00015 

.0959<'>:) 
.995040 
.995928 

d. 905011 
.iK)58m 
.005870 
.1«C)850 
.005841 
.09582:) 
.Oi»58(»(5 
.0i)5788 
.005771 

9.005758 

Sine. 


.27 
.25 
.27 
.27 
.25 
.27 
.27 
.27 
.25 
.27 
.27 

.27 
.27 
.27 
.27 
.27 
.27 
.28 
.27 
.27 
.27 

.28 
.27 
.27 
.28 
.27 
.28 
.27 
.28 
.27 
.28 

.28 
.27 

.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 

.28 
.28 
.28 
.28 
.28 
.80 
.28 
.28 
.80 
.28 

.28 
.80 
.28 
.80 
.80 
.28 
.80 
.28 
.80 


9.0h9144 
.U901h7 
.091228 

.09La<2 
.094£j)0 
.095867 
.090805 
.097422 
.098446 
.099168 

9.100487 
.101504 
.202519 
.108532 
.104542 
.106650 
.106556 
.107659 
.106860 
.109569 

9.110956 
.111661 
.112648 
.118688 
.114621 
.116607 
.116491 
.117472 
.118452 
.119429 

9.120404 
.121877 
.122848 
.128817 
.124284 
.125249 
.126211 
.127ira 
.128180 
.129087 

9.180041 
.180994 
.181944 
.132898 
.138889 
.184784 
.185726 
.136667 
.187605 
.188642 

9.189476 
.140409 
.141840 
.142269 
.148196 
.144121 
.145014 
.145066 
.140885 

9.147808 


17.88 
17  .h5 
17.80 
17.87 
]7.:» 
17.18 
17.13 
17.12 
17.07 
^7.08 
^6.98 


6.96 
0.9^ 
6.88 
6.8S 
6.80 
6.77 
6.72 
6.68 
6.66 
6.62 

6.56 
6.68 
6.60 
6.47 
6.48 
6.40 
6.86 
6.88 
6.26 
6.25 

6.22 
6.18 
6.16 
6.12 
6.06 
6.08 
6.02 
6.97 
5.96 
6.90 

6.88 
6.88 
6.82 
6.77 
6.76 
6.70 
6.68 
6.68 
6.62 
6.67 

6.55 
6.62 
6.48 
6.45 
6.42 
6.38 
6.87 
5.82 
6.80 


Cotaog.  i  '  I 


10.910606 

.9ouas 

.906772 
.907784 
.9U006 
.9UHM 
.904t38 
.00CG05 
.908676 
.001554 


SI 

a 

s: 

SI 

6S 

54 
58 

8 

iSI 


.900588   00 


10.8B0518 
.£06496 
.607481 
.8064C8 
.696468 
.894450 
.898444 
.608441 
.601440 
.600441 

10.88M44 

.887467 
.886467 
.685479 
.684498 
.688609 
.888628 
.681648 
.680K1 


4 
IB 
47 

« 
44 
41 
42 
41 
40 

m 
m 

87 

K 
S 
M 


81 
80 

89 


10.879606 
.678688 
.87T668  87 
.876683 
.876716  86 
.874761  84 
.873789  81 
.972828  88 
.871870  !81 
.970918  I  80 


10.860960 
.860006 
.868066 
. 8^7107 
.866161 
.866216 
.864274 
.868888 
.868895 
.861468 

10.860684 
.869691 
.866660 
.667731 
.866804 
.666879 
.854966 
.864084 
.868115 

10.668197 


B7' 


D.  r.      Cotang.  |  D.  1'.        Tang.        ' 


18 
18 
17 
16 
16 
14 
IS 
18 
11 
10 

9 
8 
7 
6 
5 
4 
8 
8 
1 
0 


72a 


89*  \ 


NES,  TANGENTS,  AND  COTANGENTS.    171* 


D.  r. 


14.97 
14.93 
14.90 
14.88 
14.83 
14.82 
14.78 
14.73 
14.72 
14.70 
14.65 

14.63 
14.58 
14.57 
14.55 
14.50 
14.48 
14.43 
14.43 
14.38 
14.35 

14.33 
14.30 
14.28 
14.23 
14.2;i 
14.20 
14.15 
14.13 
14.10 
14.08 

14.03 
14.02 
14.00 
13.97 
13.93 
13.90 
13.88 
13.85 
13.83 
13.80 

13.77 
13.75 
13.72 
13.70 
13.67 
13.63 
13.62 
13.58 
13.57 
13.53 

13.52 
13.48 
13.45 
13.43 
13.42 
13.38 
13.35 
13.33 
13.30 


Cosine. 


9.996753 
.996785 
.995717 
,9950ij9 
.995681 
.995664 
.995646 
.995628 
.995610 
.995591 
.995673 

9.995555 
.996537 
.995519 
.995501 
.995482 
.995464 
.995446 
.995427 
.995409 
.995390 

9  995872 
.995353 
.9953ai 
.995316 
.995297 
.995278 
.995260 
.995241 
.995222 
.995203 

9.995184 
.995165 
.995146 
.995127 
.995108 
.995089 
.995070 
.995051 
.995032 
.995013 

9.9W993 
.994974 
.994955 
.994935 
904916 
.9948;>6 
.994877 
.994857 
.994838 
.994818 

9.994798 
.994779 
.994759 
.994739 
.994720 
.994700 
.994680 
.994600 
.994(540 

9.994620 


r>,v. 


.80 

.80 
.80 
.80 
.28 
.80 
.80 
.80 
.82 
.80 
.80 

.80 
.80 
.80 
.82 
.80 
.80 
.82 
.80 
.82 
.80 

.82 
.82 
.80 
.82 
.82 
.80 
.82 
.82 
.82 
.82 

.82 
.82 
.82 
.82 
.82 
.82 
.82 
.82 
.82 
.83 

.82 
.82 
.83 
.82 
.33 
.82 
.83 
.82 
83 
.83 

.82 
.83 
.83 
.82 
.33 
.33 
.33 
M 


Tang. 


9.147803 
148718 
,149682 
150544 
151454 
152863 
153269 
154174 
155077 
155978 
156877 


9 


9 


9 


9 


9 


D.  r.  1 1  Sine.  I  D.  1'.  I 


9 


167775 
158671 
159666 
160157 
161847 
162286 
163123 
161006 
164892 
165774 

166664 
167532 
168109 
1692^ 
170157 
171029 
171899 
1T2767 
173634 
174499 

175362 
176224 
177064 
177W2 
178799 
179655 
180508 
181360 
182211 
183059 

183907 
184752 
185597 
186439 
187280 
188120 
188958 
189794 
190629 
1914fi2 

192294 
193124 
193953 
194780 
195606 
196430 
197253 
198074 
198894 
199718 


Cotang. 


D.r. 


16.26 
16.28 
16.20 
15.17 
16.16 
15.10 
15.06 
15.06 
15.02 
14.96 
14.97 

14.98 
14.90 
14.87 
14.88 
14.82 
14.78 
14.76 
14  78 
14.70 
14.67 

14.68 
14.62 
14.68 
14.66 
14.63 
14.60 
14.47 
14.46 
14.42 
14.88 

14.87 
14.88 
14.80 
14.28 
14  27 
14.22 
14.20 
14.18 
14.18 
14.18 

14.06 
14.06 
14.08 
14.02 
14.00 
13.97 
13.93 
18.93 
18.88 
18.87 

18.88 
13.82 
18.78 
18.77 
18.78 
18.72 
18.68 
13.67 
13.66 


D.r. 


Ootang. 


10.862197 
.861282 
.860966 
.649456 
.648646 
.847637 
.846731 
.646826 
.644923 
.644022 
.$48123 

10.642226 
.841829 
.640435 
.680643 
.888663 
.887764 
.888877 
.886992 
.886106 
.684226 

10.838846 
.882468 
.681691 
.680716 
.829643 
.828971 
826101 
.827233 
.626866 
.826601 

10.824686 
.6287r6 
.622916 
.822058 
.821201 
.820815 
.819492 
.818640 
.817789 
.816941 

10.816098 
.615248 
.614408 
.618661 
.612720 
.611880 
.611042 
.810206 
.809871 
.808686 

10.807706 
.806876 
.806017 
.806220 
.804894 
.808570 
.802747 
.801926 
.801106 

10.800287 


Te**«t. 


60 
60 
66 
67 
66 
66 
64 
68 
62 
61 
60 

49 
46 
47 
46 
46 
44 
48 
42 
41 
40 

80 
86 
87 
86 
86 
84 
88 
82 
81 
80 

29 
26 
27 
26 
26 
24 
28 
22 
21 
20 

19 
16 
17 
16 
16 
14 
18 
12 
11 
10 

9 
8 
7 
6 
6 
4 
8 
2 
1 
0 
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TABLE  XVIII.— LOGARITHMIC  SINES. 


.200307 
.307013 
.9(0817 
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COSINES,  TANGENTS.  AND  COTANGENXa 

IW 

Sine. 

D.  r.  1  C 

oaine.      D 

■■• 

roDg.     D. 

COtSDg. 

T 

aaasoro 
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11.83 
11.88 

J933SI 

346319       ,g 

30 

a 

33 
90 

10.763681 

ss 
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68 
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66 
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66 
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18 

ffilMl 

1? 

68 
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993173 

!i6ai91 

:7478C» 

53 

HCON 

MS14B 

ff 

easffio 

61 

253648 

I(X 

W 

9 

i«r4T8 

lira    " 
1 

1)93101 

as4sr4 

)0.74M3fl 

49 

318181 

.744600 

48 

346883 

^G^ 

47 

es3o% 

356M7 

ra 

46 

9930.8 

e67a» 

;7437S1 

45 

9flS8»0 

1 

.743010 

sssrio 

98 

25MS9 

43 

K80B7 

'i 

Mtatji 

.739851 

sosm 

oasmt 

40 

.48 

!4S 

.43 

.42 

11.38 

38 

!8 

38 
88 
40 

361fi7« 

I0.73ft(a2 

SO 

esiM 

9BS85S 
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.737ni« 

ass8M 

sgs82s 

28800B 

s 

,736905 

87 

99S80e 

363717 

80 

l»7311 

1644SS 

i 

77 

S 

86 

S!37B98 

99m9 

SfB138 

'.TMtkfi 

ssfm 

eiKTBo 

S3 

83 

S5SB5I 

31 

280(38 

OTaMB 

afl71W7       \] 

80 

0 
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1  '.SO 

SK 

40        * 
38 

£08071 
368375 

73 
70 

lO.riilS:^ 

39 

sa 

ei)SS96 

37(XK7 

38 

an 

SB 

1 

40 

»2178 

!71TOi3 

M 

oaaeoi 

£73876 

^ 

.727121 

3S 

seeooi 

rniMTS 

.™fl437 

as 

auTsa 

974369 

58 

31 

99^30 

BO 

8 

sesoea 

f  i ' 

1  '.m 
iiios 

998108 

1        ° 

376058 

50 

10.^31!! 

388734 

370351 

18 

MHOa 

177043 

!i5!i*57 

992335 

1 
40 

37T784 

.Tasfflfl 

arrnaj 

B-jaai 

378434 

.7111576 

." 

271400 

47 

.720887 

38IMe8 

43 

!7in5U 

sraaas 

9113314 

381174       ] 

.7I1«2S 

11 

£74049 

10 

i" 
II 

40       ^ 

i 

J8 

10.717158 

aiMB7 

9931 4S 

s«3aas 

H 

993118 

4S 

3R30O7 

:71(i0»3 

e 

1 

«    1   0 

99S044 

380917 

■714OBS 

378845 

386634 

.7ism 

8 

387301 

36 

.Tism 

3 

.713033 

0 

380698 

B91M7 

388853       " 

10.711848 

0 

(vsins. 

D.1-.  ;r 

Sine.     i"d" 

r.     c 

iDtang.     D. 

T«:«. 

~ 

TABLE  XVni.-LOGARITHMIC  SINES.  i» 


O.MliHT 


D.99064S 
.9B0ai8 


Pang. 

D.  r. 

Co 

aswa 

!  -B 

10. 

nasKM 

1  .as 

saxn 

mm 

3smz 

mien 

SU6M 

£95846 

SBC0I8 

Jure 

merr 

197?^ 

mm 

290332 

la'.K 

1' 

J0O638 

301395 

w'.as 

'.< 

mwM 

lO.j 

S 

lo:^ 

HMSST 

j 

loiss 
jo!  77 

il 

307168 

.1 

SOTBII 

man 

309109 

10.7E 

10,1 

BOBIM 

BI0B99 

BtlOUt 

jo:™ 

10.70 

loiea 

siiess 

S1S8S7 

81296B 

.1 

JlSfiOS 

.( 

fl488S 

«6^ 

10,80 

lO.f 

IICTDS 

iI7«0 

A 

3180U 

io:.w 

A 

318BBT 

119380 

lli.| 

nges! 

eiaa 

E18SI 

asioe 

M'.t           ■* 

sema 

3243.-^ 

iti"j-^ !     -« 

3S4fle3 

11  i.l       -ff 

assM7 

,1    ,,  1       .8 

S262ai 

■"         •« 

saoK^s 

r       -^ 

asTJis 

to.tr 

LI 


12* 


COSINES,  TANGENTS,   AND  COTANGENTS.        IBT 


0 
1 

2 
8 

4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 

25 
26 
27 
28 
29 
30 

31 
32 
33 
34 

a5 

36 
37 
38 
39 
40 

41 
42 

43 
44 
45 
46 
47 
48 
49 
50 

61 
52 
53 
54 
55 
56 
57 
58 
59 
CO 


103< 


Sine. 


9.317879 
.318473 
.319066 
.319658 
.820^9 
.320840 
.3^1480 
.322019 
.322607 
.823194 
.823780 

9.324366 
.324950 
.325534 
.326117 
.326700 
.327281 
.327862 
.328442 
.329021 
.320599 

9.330176 
.S30753 
.831329 
.831903 
.832478 
.333051 
.333624 
.334195 
.334767 
.335337 

9.335906 
.336475 
.337043 
.337610 
.338176 
.338742 
.339307 
.339871 
.840434 
.340996 

9.341558 
.342119 
.342679 
.343289 
.343797 
.344.355 
.344912 
.345469 
.346024 
.346579 

9.347134 
.347687 
.348240 
.348792 
.349343 
.3498{)3 
.a50443 
.a50992 
.a51540 

9.352088 


D.r 


0.90 
9.88 
O.W 
0.85 
9.85 
9.83 
9.82 
9.80 
9.78 
9.77 
9.77 

9.73 
9.73 
9.72 
9.72 
9.68 
9.68 
9.67 
9.65 
0.63 
0.62 

0.62 
9.60 
0.57 
0.58 
0.55 
0.55 
0.52 
0.53 
0.50 
0.48 

0.48 
0.47 
0.45 
0.43 
9.43 
9.42 
9.40 
9.38 
9.37 
9.37 

9.35 
9.33 
9.33 
9.30 
9.30 
9.28 
9.28 
9.25 
9.25 
9.25 

9.22 
9.22 
9.20 
9.18 
9.17 
9.17 
9.15 
9.13 
9.13 


Cosine. 


9.990404 
.990878 
.990851 
.9908iM 
.9UQ297 
.990270 
.990em 
.990215 
.990188 
.990161 
.990134 

9.990107. 
.990079 
.990052 
.990025 
.989997 
.989070 
.989942 
.980915 
.980887 
.980660 

9.980632 
.060604 
.069777 
.960749 
.980721 
.900693 
.969665 
.969037 
.960610 
.969582 

9.060558 
.969525 
.989497 
.969469 
.989441 
.989413 
.989885 
.980356 
.989828 
.989300 

9.980271 
.98:hi43 
.989214 
.989186 
.9891.57 
.989128 
.989100 
.989071 
.989042 
.989014 

9.988985 
.988956 
.988927 
.988898 
.988809 
.988840 
.988811 
.988782 
.98875;^ 

0.9C8724 


D.  r. 


.43 
.45 
.45 
.45 
.45 
.45 
.47 
.45 
.45 
.45 
.45 

.47 
.45 
.45 
.47 
.45 
.47 
.45 
.47 
.45 
.47 

.47 
.45 
.47 
.47 
.47 
.47 
.47 
.45 
.47 
.48 

.47 

.47 
.47 
.47 
.47 

.47 
.48 
.47 
.47 
.48 

.47 
.48 
.47 
.48 
.48 
.47 
.48 
.48 
.47 
.48 

.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 


Tang. 


0.827475 
.826095 
.328715 
.32'.I334 
.329953 
.830570 
.831187 
.331803 
.332418 
.333083 
.883646 

0.334250 
.834871 
.335482 
.330093 
.386702 
.337311 
.837919 
.338527 
.330133 
.339730 

0.840844 
.840048 
.841552 
.342156 
.342757 
.343358 
.343958 
.844558 
.845157 
.846755 

0.846858 
.846949 
.347546 
.348141 
.348735 
.349829 
.349922 
.S5a514 
.351106 
.351697 

0.352287 
.352876 
.353465 
..354053 
.354640 
.355227 
.855818 
..3.56398 
.356962 
.357566 

9.358149 
..358781 
.859318 
.859893 
.360474 
.361053 
.361632 
.362210 
.362787 

9.3683&4 


Cosine.  I  D.  r.  II     Sine,     I  D.  1'.  11  Cotang. 


D.  r. 


Cotang. 


71 


10.83 
10.83 
10.32 
10.32 
10.28 
10.28 
10.27 
10.25 
10.25 
10.22 
10.22 

10.20 
10.18 
10.18 
10.15 
10.15 
10.13 
10.13 
10.10 
10.10 
10.06 

10.07 
10.07 
10.05 
10.03 
10.02 
10.00 
10.00 

V.oO 

0.07 
0.07 

0.03 
0.03 
0.08 
0.00 
0.00 
0.88 
0.87 
0.87 
0.86 
0.88 

0.82 
0.82 
0.80 
0.78 
0.78 
O.TT 
0.75 
0.73 
0.73 
0.72 

0.70 
0.70 
0.67 
0.68 
9.65 
9.65 
9.63 
9.62 
'  0.62 


10.672525 
.671906 
.671285 
.670666 
.670047 
.669430 
.668618 
.666197 
.667582 
.666967 
.666854 

10.665741 
.665129 
.664518 
.663007 
.668298 
.0C2689 
.t6i061 


60 
60 
68 
57 
66 
66 
64 
63 
62 
61 
60 

40 
48 
47 
46 
46 
44 
48 


.661473  .  42 


.660667 
.660261 


41 
40 


10.650656  80 

.659052  I  88 

.658448  I  87 

.667845  i  86 

.65?^43  36 

.656642  i  84 

.656042  '  33 

.665442  ''  32 

.664843  31 
.664246 


10.658647 
.658051 
.662455 
.651859 
.651265 
.660671 
.650078 
.649486 
.648894 
.648803 

10.647718 
.647124 
.646535 
.646947 
.645860 
.644773 
.644187 
.643602 
.643018 
.642434 

10.641851 
.641269 
.640687 
.640107 
.639526 
.638947 
.638368 
.637790 
.687213 

10.686636 


D.  r. 


80 

29 
28 
27 
26 
25 
24 
28 
22 
21 
20 

10 
18 
17 
16 
15 
14 
13 
12 
11 
10 

0 
8 
7 
6 
6 
4 
3 
2 
1 
0 


•ma^*   ^•^mrw 


1%\ 
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TABLE  XVTir —LOGARITHMIC  SINES. 


0 
1 
2 
8 

4 
6 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
28 
24 
26 
26 
27 
28 
29 
80 

81 
82 
83 
84 
85 
86 
87 
88 
89 
40 

41 
42 
43 
44 
45 
46 
47 
'48 
49 
60 

61 
62 
63 
54 
66 
66 
67 
68 
69 
60 


Sine. 


9.862088 
.852635 
.853181 
.353726 
.854271 
.854815 
.856358 
.855001 
.856448 
.356984 
.857524 

9.368064 
.358603 
.850141 
.859678 
.360215 
.860752 
.361287 
.861822 
.862366 
.862889 

9.863422 
.368954 
.364485 
.866016 
.366646 
.3660210: 
.866604 
.8671^ 
.8676^ 
.868185 

9.8687fi 
.869236 
.869761 
.870285 
.870608 
.871330 
.871862 
.872878 
872894 
.373414 

9.878963 
.374452 
.374970 
.375487 
.376003 
.376619 
.377085 
.377649 
.378063 
.378677 

9-379089 
.879601 
.380113 
.380624 
.381134 
.381643 
882152 
.882661 
.388168 

9.888675 


D.r. 


9.12 
9.10 
9.08 
9.08 
9.07 
9.05 
9.05 
9.03 
9.02 
9.00 
9.00 

8.96 
8.97 
8.95 
8.95 
8.95 
8.92 
8.92 
8.90 
8.88 
£.88 

8.87 
8.85 
8.85 
8.88 
8.82 
8.82 
8.78 
8.80 
8.77 
8.77 

8.75 
8.75 
8.72 
8.72 
8.70 
8.70 
8.66 
8.68 
8.67 
8.66 

8.65 
8.68 
8.62 
8.60 
8.60 
8.60 
8.57 
8.57 
8.57 
8.58 

8.58 
8.53 
8.52 
8.50 
8.48 
8.48 
8.48 
8.45 
8.45 


OostMi 


/  '  I  Cosdne.   1  D.  1'. 


9.968724 

.988695 
.988666 
.9oo6o6 
.988607 
.988578 
.988548 
.988519 
.088489 
.988460 
988430 

0.988401 
.988371 
.968842 
.988312 
.988282 
.088252 
.988223 
.Uo819o 
968163 
988188 

9.988103 

.988078 

.988043 

.968013 

.987983 

987953 

967922 

.967892 

987862 

.987832 

9.987801 
.967771 
.967740 
.987710 
.967679 
.987649 
.987618 
.967588 
.987567 
.967526 

0.987496 
.987465 
.987434 
.987403 
.987372 
.987341 
.987310 
.967279 
.967248 
.967217 

9.987186 
.967155 
.987124 
.987092 
.987061 
.9«7030 
.9S6998 
.9^6967 
.986936 

9.986904 


D.V 


.48 
.48 
.50 
.48 
.48 
.60 
.48 
.60 
.48 
.60 
.48 

.60 
.48 
.60 
.60 
.60 
.48 
.60 
.60 
.60 
.60 

.60 
.60 
.60 
.60 
.60 
.62 
.60 
.60 
.60 
.62 

.60 
.62 
.60 
.62 
.60 
.62 
.60 
.62 
.62 
.60 

.62 
.52 
.52 
.62 
.62 
.52 
.52 
.62 
.62 
.62 

.62 
.62 
.68 
.62 
.62 
.63 
.62 
.52 
.63 


Tang. 


9.863364 
.363940 
.864515 
.865090 
.865664 
.866237 
.366810 
.867382 
.867953 
.868524 
.869094 

9.869668 
.8^)232 
.870799 
.871367 
.871988 
.872499 
.873064 
.873629 
.874193 
.874756 

9.875819 
.375881 
.876442 
.877008 
.877568 
.878122 
.878681 
.879280 
.879797 
.880354 

9.380910 
.381466 
.382020 
.382575 
.883129 
.883682 
.884234 
.884786 
.885337 
.885888 

0.386438 
.886967 
.887536 
.388084 
.388631 
.389178 
.389724 
.890270 
.890815 
.391860 

9.391908 
.392447 
.392989 
.393581 
.394073 
.894614 
.895154 
.395694 
.396233 

9.396771 


D.1*. 


9.60 
9.68 
9.68 
9.67 
9.65 
965 
9.68 
0.62 
9.62 
9.60 
9.48 

9.48 
9.45 
9.47 
0.48 
0.48 
9.42 
0.42 
0.40 
0.88 
0.88 

0.87 
0.86 
0.86 
0.88 
9.82 
9.82 
9.80 
9.80 
9.28 
9.27 


10. 


.680060 


.684910 
.684886 
.688768 
.688190 
.682618 
.688047 
.681476 
.680906 


10. 


.628007 
.6B7S01 


.020871 

.ggy 

.6EKSM4 

10.604881 
.624114 


.021878 
.621819 


Bine.     [  D.V.      Cotang.  \ 


.620008 
.619646 

10.619000 
.618584 
.617960 
.617425 
.616871 
.616818 
.615766 
.616214  I 
.614668  i 
.614112 

10.618602 

.618018 

.612464 

.611916 

.611800 

.610822 

.610876 

.600780 

.Q001» 

.608540 


.Q06«eS 

.eocae 

.604» 

lo.ooai 


Tan 


732 


t4P        CX)SINES,  TANGENT8.  AND  OOTANGENTS.         IST 


0 

1 

8 
8 
4 
6 
6 
7 
8 
9 
10 

11 
12 
18 
14 
15 
16 
17 
18 
19 

ao 

SI 
22 
28 
24 
26 
26 
27 
28 
29 

ao 

81 
82 
88 
84 
86 
86 
87 
88 
89 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
60 

51 
52 
68 
54 
56 
66 
57 
58 
59 
60 


One. 


9  888675 
.884182 
.88468r 
.885192 
.885697 
.886201 
.8867M 
.887207 
.887709 
.888210 
.888211 

9.889211 
.889711 
.890210 


1703 
.892199 
.892695 
.898191 
.898685 

9.894179 
.394678 
.895166 
.896666 
.896160 
.896641 
.39n32 
.39r621 
.896111 
.896600 

9.899088 
.809575 
.400062 
.400549 
.401085 
.401520 
.402006 
.402489 
.402972 
.403455 

9.408038 
.404420 
.404901 
.405382 
.405862 
.406341 
.406820 
.407299 
.407777 
.408254 

9.406781 
.400207 
.409682 
.410157 
.410632 
.411106 
.411579 
.412052 
.412524 

9.412996 

Cosine. 


D.r. 


8.45 
8.48 
8.42 
8.48 
8.40 
8.88 
8.88 
8.87 
8.85 
8.86 
8.83 

8.33 
8.32 
8.80 
8.30 
8.28 
8.2J 
8.27 
8.27 
8.23 
8.23 

8.23 
S.22 
8.20 
8.20 
8.18 
8.18 
8.15 
8.17 
8.15 
8.13 

8.12 
8.12 
8.12 
8.10 
8.08 
8.08 
8.07 
8.05 
8.05 
8.05 

8.03 
8.02 
8.02 
8.00 
7.98 
7.98 
7.98 
7.97 
7.95 
7.95 

7.93 
7.93 
7.92 
7.92 
7.90 
7.88 
7.88 
7.87 
7.87 


X).l' 


Cotbie. 


9.086904 
.986878 
.986841 
.966809 
.986778 
.966746 
.986714 
.986683 
.986651 
.986619 
.966587 

9.966655 
.966528 
.986401 
.986459 
.989427 
.966395 
.986863 
.966331 
.986299 
.980266 

9.986234 
.966202 
.086169 
.966137 
.966104 
.986072 
.986039 
.086007 
.985974 
985942 

9.965909 
.985876 
.985843 
.985811 
.985778 
.985745 
.986712 
.985679 
.985646 
.986613 

9.985580 
.985547 
.965514 
.985480 
.986447 
.985414 
.985381 
.985347 
.985314 
.986280 

0.985247 
.985213 
.966180 
.985146 
.985118 
.965079 
.985045 
.965011 
.984978 

9.984944 


Sine. 


D.r. 


.58 
.68 
.68 
.62 
.68 
.68 
.58 
.68 
.53 
.53 
.53 

.53 
.58 
.53 
.53 
.53 
.53 
.58 
.53 
.56 
.58 

.68 
.56 
.58 
.56 
.53 
.56 
.53 
.56 
.53 
.55 

.65 
.55 
.58 
.56 
.56 
.5-) 
.66 
.66 
.55 
.55 

.56 
.55 
.57 
.66 
.56 
.66 
.57 
.55 
.57 
.56 

.57 
.55 
.57 
.55 
.57 
.67 
.57 
.55 
.57 


Tnog. 


9.896771 
.807800 
.897846 
.896888 
.898919 
.899455 
.899990 
.400524 
.401058 
.401591 
.402124 

0.402656 
.403187 
.408718 
.404249 
.404778 
.405306 
.405836 
.406364 
.406892 
.407419 

9.407945 
.408471 
.408096 
.409521 
.410045 
.410569 
.411092 
,411615 
.412137 
412658 

0.413179 
.413609 
.414219 
.414738 
.415257 
.415775 
.416203 
.416810 
.417326 
.417842 

9.418358 
.418873 
.419387 
.419901 
.420415 
.420927 
.421440 
.421952 
.422463 
.422974 

9.423184 
.423993 
.424503 
.425011 
.425519 
.426027 

.  .426534 
.427041 
.427547 

9.428052 


ar. 


8.97 
8.96 
8.95 
8.98 
8.98 
8.92 
b.90 
"^.90 
8.88 
8.88 
8.87 

8.85 
8.85 
8.86 
8.82 
8.83 
8.80 
8.80 
8.80 
8.78 
8.77 

8.77 
8.75 
8.75 
8.73 
8  V3 
8.72 
8.72 
8.70 
8.68 
8.68 

8.67 
8.67 
8.65 
8.65 
8.63 
8.63 
8.62 
8.60 
8.60 
8.60 

8.68 
8.57 
8.57 
8.57 
8.56 
8.56 
8.53 
8.52 
8.62 
8.60 

8.48 
8.50 
8.47 
8.47 
8.47 
8.45 
8.45 
8.43 
8.42 


D.  r.  1 1  Cotang.  I  D.  1'. 


Ctotang. 


10.606220 
.609801 
.602154 
.601617 
IIOII 


.600010 
.699476 
.596942 
.598409 
.597676 

10.597844 
.596813 
.596282 
.595751 
.595222 
.594692 
.594164 
.598636 
.093106 
.592581 

10.502056 
.591529 
.591004 
.690479 
.589955 
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V*W3S 

BOO 

0.078979 

503548 

49S1M 

13 

48*tlf| 

8,58 

:978™8 

:68 

J04118 

7.OT 

7.27 

7!% 

7.ao 

7,ES 
7,J8 

53 

400018 

.9-8858 

49E148  , 

:67 

4W7H 

4S 

!9-5r;7 

n057S4 

4ftl2IS 

47 

481895 

SiBT 

.0-8737 

50S138 

4S3S41  1 

48 

4tC3ft9 

.9-8nn6 

'w 

60650S 

493107 

48SSSi 

fliS 

507037 

SO 

»74flO 

SI    a 

4884(17 

9.KW74 

i  ' 

5m«93 

11 

7!  IB 

4WW60 

401074 

bIm 

:e8 

4013II 

481613 

.ff7»sa 

W0191 

490800 

48S03I 

.978411 

4908^ 

488431 

978370 

480H8 

88 

480^01 

8:48 

.07ffi88 

B10018 

BB 

4SH33 

,97W47 

511318 

7,17    IP 

488814 

BO     S 

4SO0S2 

511778 

48aaM 

~rc 

■mdne. 

T-iT 

Sine. 

D.  1-.     c 

^i^ 

R  r.  1    T 

»ng. 

:WSINES,  TANOEN 

IS,  AND  COTANGENTS. 

161* 

„. 

D.  1-,  1    Cosine. 

D.r. 

Tang. 

D.1-. 

c„,«,.. 

Wl^ 

B.48        * 

BTSiMe 

9  311776 

7.17 

10.4882K4 

"to" 

fiO 

WI5B 

iBiaoas 

7'SS 

'.«im 

68 

(78083 

:^ 

.r,13064 

t:'* 

.inam 

ri 

!:1  1 

aieaa 

WS08 

(7TB59 

:aa 

:  51 4849 

;48Besi 

Haws 

snois 

,5i;7T7 

.4ssm 

(TTHTT 

:ro 

a34(jH 

WSBl 

1777W 

;6I6U57 

:J88&13 

MS!3fl 

sl 

!cs 

S.BUMIM 

10.4S3S1B 

4S 

:o8 

.4«3oun 

48 

m-Bsa 

'.m 

isiTsan 

.<8S065 

47 

06.W 

K7eas 

.B17701 

:o7 

.4BZS»0 

46 

Mrra 

'.ii> 

.481814 

J7TM4 

'.maim 

:4(«966 

wiBia 

sff481 

.SIMM 

,480648 

43 

BT30I 

:47Bea5 

40 

si  ' 

977335 

■1° 

g.6affiS8 

7.0B 

i 

10.47S»rs 

so 

984+1 

JTvaos 

.478^ 

38 

gSRaa 

.47e4«r 

KTHIO 

.4TH>in 

SO 

KTICT 

Ito 

:M3417 

.*T7W8 

36 

swota 

BTTlia 

.KS83H 

.477162 

7'.W 
TiOtt 

KVTMl 

■J!" 

MWflB 

;476flO0 

31 

DH76 

b!80 

B7tlilB7 

.ra4530 

,47&18U 

it 

e'.si 
6.a^ 

.■ra 

eioH 

6.08 

10.47HMa 

.474641 

as 

mmo 

.Ba-,778 
.626107 

.474BS8 

.(|«>6L3 

oior 

:47il385 

wc-zw 

,62rO»3 

.472867 

m 

.BS74SI 

60S 

.  47X549 

SB 

OHW 

,472132 

1I?S 

!70 
.12 

!S38S8B 

:4712118 

SO 

ft7(llS3 

Its 
[is 
Its 

!630306 

.sawBi 

e.oa 

ooa 
fl.oa 

6.9S 

6. en 

a 

10.470t«f 

:4n!W,M 

17 

e:ia 

tITIKSa 

13 

:6.^aois 

!4S7Bn> 

«:ia 

070140 

.533430 

.407681 

08056 

om» 

fljr     » 

07(1017 

S.6SSSM 
.BS307B 

e'as 

,406,131 

5 

10005 

07fl!«-4 

.BMOM 

!| 

flilS 

Its 

.73 

Its 

:4«6a84 

il 

:B3532a 

.46)675 

4 

um 

07B80O 

,46*361 

8 

JIBOT 

,4638e0 

1 

lawa 

6.12             g 

875070 

9:B309?3 

a. 85 

10:46.^1028 

0 

Blue. 

D.  r.  i 

si^~ 

D.  r. 

COUDg. 

D.r. 

Tb,ii^. 

i9» 


TABLE  XVIII.— LOGARITHMIC  SINES. 


Sine. 


0 
1 
2 
8 
4 
5 
6 
7 
S 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
80 

81 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 

45 
46 
47 

48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


9.512642 
.513009 
.513375 
.513741 
.514107 
.514472 
.514837 
.515202 
.515566 
.515030 
.516294 

£.516657 
.517020 
.517382 
.517745 
.518107 
.518468 
.518829 
.519190 
.619551 
.519911 

9.520271 
.5200  : 
.520990 
.521319 
.521707 
.522066 
.6224^ 
.522781 
.523138 
.523495 

9.523852 
.521208 
.521564 
.521920 
.525275 
.525630 
.525981 
.626339 
.526693 
.627016 

9.527400 
.527753 

.528105 
.528158 
.528810 
.529161 
.529513 
.529861 
.530215 
.530565 

9.530915 
.531265 
.531614 
.531963 
.532312 
.532661 
.533009 
.533357 
.533704 

9.531052 


D.r. 


Ck>sine. 


6.12 
6.10 
6.10 
6.10 
6.<i6 
6.06 
6.06 
6.07 
6.07 
6.07 
6.05 

6.05 
6.03 
6.05 
6.08 
6.02 
6.02 
6.02 
6.02 
6.00 
6.00 

6.00 
5.98 
5.96 
5.97 
6.96 
6.97 
5.95 
5.95 
5.95 
5.95 

5.93 
5.93 
5.93 
92 
92 
90 
92 
90 
88 
90 


5.88 
5.87 
5.88 
5.87 
5.85 
5.87 
5.85 
5.85 
5.83 
6.83 

5.83 
5.82 
5.82 
5.82 
5.82 
5.80 
6.80 
6.78 
6.80 


9.975670 
.975627 
.975583 
.975639 
.975496 
.975452 
.975408 
.975365 
.975321 
.975277 
.975233 

9.975189 
.975145 
.975101 
.975057 
.975013 
.974969 
.974925 
.974880 
.974836 
.974792 

9.974748 
.974703 
.974659 
.974614 
.974570 
.974525 
.974481 
.974436 
.974391 
.974347 

9.974302 
.974257 
.974212 
.974167 
.974122 

.974orr 

.974032 
.978987 
.973942 
.978897 

9.973852 
.973807 
.973761 
.973716 
.973671 
.973625 
.973580 
.973535 
.973189 
.973444 

9.973398 

.973352  , 

.973307  , 

.973261  I 

.973215  i 

.9:^169  : 

.973121  J 

.973078  i 

.973032  ' 

9. 9^^986  ! 


D.r. 


.72 
.73 

.•:3 

.72 
.73 
.73 

.ra 

.73 
.73 
.73 
.73 

.73 
.73 
.73 
.73 
.73 
.73 
.75 
.73 
.73 
.73 

.75 
.73 
.75 
.73 
.75 
.73 
.75 
.75 
.73 
.75 

.75 
.75 
.75 
.75 
.75 
.75 
.75 
.75 
.75 
.75 

.75 

.  M 

.75 
.75 

.rr 

.75 
.75 
.77 
.75 

.77 

.77 
.75 
.77 
.77 
.77 
.75 
.77 
.77 
.77 


Tang. 


D.r. 


9.536972 
.537382 
.537792 
.538202 
.538611 
.539020 
.539429 
.539837 
.510245 
.540658 
.541061 

9.541468 
.541875 
.642281 
.642688 
.648094 
.54ai99 
.543905 
.544310 
.544715 
.545119 

9.545624 
.545928 
.546331 
.646735 
.64n38 
.647540 
.647943 
.548845 
.648747 
.649149 

9.649550 
.549951 
.560852 
.550752 
.551153 
.551552 
.551952 
.552351 
.552750 
.553149 

9.553548 
.553946 
.661314 
.564741 
.556139 
.555536 
.555933 
.566329 
.556725 
.657121 

9.657517 
.557913 
.558306 
.558703 
.559097 
.559491 
.55988) 
.560279 
.560673 

9.561066 


6.88 
6.88 
6.83 
6.82 
6.82 
6.82 
6.80 
6.80 
6.80 
6.80 
6.78 

6.78 
6.77 
6.78 
6.77 
6.75 
6.77 
6.75 
6.75 
6  78 
6.75 

•3.78 
6.72 
6.78 
6.78 
6.70 
6.T2 
6.70 
6.70 
6.70 
e.68 

6.68 
6.68 
6.67 
6.68 
6.66 
6.67 
6.65 
6.66 
6.66 
6.66 

6.68 
6.68 
6.62 
6.63 
6.62 
6.62 
6.60 
6.60 
6.60 
6.60 

6.60 
6.58 
6.58 
6.67 
6.67 
6.57 
6.57 
6.67 
6.66 


Ootai^. 


10.468088 
.468618 


.461796 
.461889 
.460960 
.460671 
.460168 
.459766 
.460647 
.458im 


10. 


.4681S 
.457719 
.467812 
.456006 
.466501 
.456005 
.466600 


.451881 

10.454476 
.4510^ 


.4SM60 
.450067 
.451665 
.451858 
.460651 

10.450450 
.450049 
.449618 
.449948 
.448647 
.448148 
.418018 
.447610 
.447850 
.446861 

10.446468 
.446051 
.445656 

.445259 
.444661 

.444007  , 
.44a6n  I 
.443875  ! 
.4t2679  , 

10.442488  i 
.442087 
.441698 
.441807; 
.440906 
.440500 
.440115! 
.439721  . 
.4&8887  ' 

10.488084 


'  y  Cosine.  1  D.  1'.  jl     Sine,     i  D.  1'.  |l  Cotang.  1  D.  r.   I     Tang.    I 

'^^  738 


C03INKR, 

rAKdFNTB,  AND  COTANfiENTS. 

ISf 

am. 

D.r. 

ConlDe. 

D.1-. 

TBEB. 

D.  i:    c 

0„,. 

80 

5S4053 

11 

i.'f.-3m 

.77 

moea 

865       "■ 

488884 

O.M 

aisa 
e.aa 

488U1 

SM745 

1 
1 

seiwi 

488140 

"'.i:in^ 
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(8B438 

v.-iw 

487384 

9a 

asTva 

w 

188818 
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6«aw 

4aBWl 
4881  Ml 

4ssnH 

sm«3 

BOiisaa 

!9rjss4 

£«»» 

486017 

187851 

S3 

B.TO 

sl 

1 

e.KTMTS 

.78       B 

1 

8e6ff?8 

8'S       " 

434087 

41 

\aam 

S6B7(i8 

484837 

48 

188638 

!»7iH3H 

■Ba^ 

.flTsiai 

weifct 

0:47 

4t 

IS8MB 

681330 

•.iOM) 

44 

mm 

687709 

4aea9i 

ioTJlM 

668CIW 

431ftti 

mm 

.BWIIB 

Its 

B6S4fi« 

481814 

41 

i4(»31 

.ffrsoBS 

B8ae;3 

4S11OT 

4U 

5;B8 

B.ffrsoii 

1  ' 

eeaaei 

si  " 

48(yna 

80 

mm 

fiM6« 

41U868 

88 

UttftS 

sl 

.88 

M 
.88 

87 

•assfB 

67M22 

4N6n 

S 

Ibtish 

.B7177B 

•i 

BToero 

BTI(B5 

4se8aG 

488410 

86 

■4864B 

H!4a 

8.43 

imm 

*K-10M5 

67BSB2 

41(7048 

44Si» 

67a!-38 

49rau 

SO 

■44883 

i 

1 

1 

B.071M0 

i  i' 
1 

87*183 

B40       J" 
8.43 

428877 

80 

,e7HlW 

673607 

438403 

49S38 

BTTOsa 

4MI0H 

i4B((r4 

43e»4 

28 

i| 

41!634U 

48847 

:W13C0 

48883 

BT5*»r 

4WBni 

88 

4nns 

:t8 

421]  IKI 

88 

47»M 

!»711fll 

4!SH07 

81 

47688 

.871113 

BTSMB 

4SS4S1 

DO 

iSfBi 

1 

fl.moea 

.80     1  ^ 

mm» 

b:87 
fl.'SS 

vaan 

8 

igsosa 

8 

«ma 

:97O07D 

1 

mrsB 

4attTT 

49ref 

5JS104 

«!18»8 

49880 

481614 

:ss 

80088 

loTmra 

1 

J?B&I« 

mm 

BOSSS 

iTlWMI 

480371 

!>08»3 

[mm 

:8o 

5I0M 

.BTOBJS 

41B611 

!i13HI 

9IWIBM 

■i  1' 

.HO 

(807OB 

B.se 
a;BO 

410031 

B 

1 

.9IWi.S8 
ioTIlKd 

W10«7 

iieous 

.mwii 

iSiHBO 

117714 

iso 

mn 

UOHfl 

18870 
■4899 

!48 

.UTIISIW 

B.miina 

:m 

flMW 

HSBJS 

■ 

toT 

D.  1-.  . 

Pine. 

"TTiri'c" 

11^ 

D.r.      1 

mi«. 

~\ 

n*  TADLE  XVIII.— LOGARITHMIC  SINES.  II 


IZL 


COSINES,  TANGENTS  AND   COTANGENTS.       1BT» 


Sine. 


9.&r8575 
.578888 
.674200 
.674512 
.574824 
.575186 
.575447 
.575758 
.576069 
.576379 
.676689 

9.576999 
.577809 
.577618 
.577927 
.578236 
.578645 
.578863 
.579162 
.579470 
.579777 

9.580065 
.680892 
.680699 
.581005 
.581312 
.581618 
.681924 
.582229 
.582535 
.682840 

9.683145 
.683449 
683764 
.684058 
.684361 
.684666 
.684968 
.685272 
.586574 
.686877 

9.686179 
.686482 
.686783 
.687085 
.687386 
.687688 
.687980 
.688289 
.588590 
.688800 

9.68C190 
.58»489 
.5ti9789 
.690088 
.690387 
.690686 
.690984 
.691282 
.691580 

9.691878 


D.r. 


6.28 
6.20 
6.20 
5.20 
5.-20 
6.18 
5.18 
6.18 
5.17 
6.17 
5.17 

5.17 
5.15 
6.15 
6.15 
5.15 
5.13 
5.15 
6.18 
6.12 
5.18 


.12 
.12 
.10 
.12 
.10 
.10 
.06 
6.10 
6.06 
5.08 

6.07 


6. 
5. 
5. 
6. 
6. 
5. 
6. 


.06 
07 
05 
07 
06 
07 
03 
06 
03 


5.06 
6.02 
6.08 
6.02 
6.03 
6.02 
6.00 
6.02 
6.00 
5.00 

4.98 
6.00 
4.98 
4.98 
4.98 
4.W 
4.97 
4.87 
4.97 


'  I  Cosine,  j  D.  1*. 


CkMrine. 


D.r. 


9.967166 
.967115 
.967064 
.967018 
.966961 
.966910 
.966869 
.966806 
.966766 
.966705 
.966663 

9.966602 
.966560 
.966499 
.966447 
.966896 
.966344 
.966292 
.966240 
.966188 
.966186 

9.966065 
.966033 
.966981 
.966929 
.966876 
.966824 
.966772 
.966720 
.966668 
.966615 

9.966668 
.966611 
.966468 
.966406 
.966853 
.966301 
.966248 
.966196 
.966148 
.966090 

9.965037 
.964964 
.964931 
.964870 
.964826 
.964778 
.964720 
.964666 
.964618 
.964660 

9.964607 
.964464 

.964347 
.964294 
.964240 
.964187 
.964138 
.964080 
9.964026 


8ine. 


.86 

.85 
.85 
.87 
.85 
.86 
.85 
.87 
.85 
.87 
.86 

.87 
.86 
.87 
.87 
.86 
.87 
.87 
.87 
.87 
.86 

.87 

.87 
.87 
.86 
.87 
.87 
.67 
.87 
.88 
.87 

.8r 

.88 

.87 

•  OO 

.87 
.88 
.86 
.87 
.88 
.88 

.86 
.86 

.8r 

.88 
.86 
.90 
.88 
.86 
.88 

.86 
.90 
.88 
.86 
.90 
.88 
.90 
.88 
.90 


Tang; 


9.606410 
.606778 
.607187 
.607600 
.607868 
.608225 
.606688 
.606950 
.609812 
.609674 
.610060 

0.610807 
.010760 
.01190 
.611480 
.611841 
.612201 
.612561 
.612921 
.618261 
.618641 

9.614000 
.614850 
.614716 
.6160?7 
.615486 
.615793 
.616161 
.616609 
.616867 
.617224 

0.617682 
.617989 
.618296 
.618662 
.619008 
.619364 
.619720 
.620076 
.620482 
.620787 

9.621142 
.621497 
.621862 
.622207 
.622561 
.622916 
.623269 
.623623 
.628976 
.624330 

9.624688 
.626036 
.626388 
.626741 
.626093 
.626446 
.626797 
,627149 
.627601 

9.627862 


D.r. 


6.06 
6.07 
6.06 
6.06 
6.08 
6.06 
6.08 
6.08 
6.08 
0.08 
6.02 

6.08 
0.02 
0.00 
0.02 
6.00 
6.00 
6.00 
6.00 
6.00. 
6.96 

6.96 
6.98 
5.98 
6.97 
6.97 
6.97 
6.97 
6.97 
6.96 
6.97 

6.96 
6.96 
6.96 
6.98 
6.98 
6.98 
6.98 
6.98 
6.92 
6.92 

6.92 
6.92 
6.92 


90 
,90 
90 
,90 
,88 
90 


5.86 

6.88 
6.87 
6.88 
6.87 
6.87 
6.87 
6.87 
6.87 
6.85 


D.  1'.  II  Cotang. 


D.r, 


Ooteng; 


10.896600 


.882868 
.888600 
.892187 
.891776 
.891412 
.891060 
.890686 
.890626 
.889964 

10.869608' 
.889241 

.886620 
.886169 
.867799 
.887489 
.88^079 
.886719 
.866869 

10.866000 
.886641 
.886262 
.864928 
.864666 
.864207 
.888649 
.863491 
.868188 
.862720 

10.888418 

.862061 

.881706 

.881848 
naiQQo 

.OOUVimS 

•  .860686 
.860280 
.879924 
.879668 
.879218 

10.878868 
.878608 
.878148 
.877798 
.877489 
.877065 
.876781 
.876877 
.876024 
.876670 

10.876817 
.874964 
.874612 
.874269 
.878907 
.878566 
.873208 
.872861 
.872499 

10.872148 


'E«&.^. 


00 
60 

68 
67 
60 
66 
64 
68 
63 
61 
60 

40 
48 
47 
46 
46 
44 
48 
48 
41 
40 

80 
86 
87 
86 
86 
84 
88 
88 
81 
80 

80 
88 
87 
80 
85 
84 
88 
88 
81 
80 

10 
16 
17 
16 
15 
14 
18 
18 
11 
10 

0 
6 
7 
6 
6 
4 
8 
8 
1 
0 


19* 


1\\ 


«* 


TABLE  X\in  — T,Of!ARlTHMTC  SINES. 


Teuie.      D.  1',      Catamc. 


.sum 

,8eSiT4 


seisse 

S61S53 


)SINES,  TANGENIS,  AND  COTANGENTS.   15f» 


ar. 


4.73 
4.73 
4.73 
4.7a 
4.70 
4.73 
4.70 
4.70 
4.70 
4.70 
4.68 

4.68 
4.68 
4.68 
4.68 
4.67 
4.67 
4.67 
4.67 
4.65 
4.65 

4.65 
4.65 
4.65 
4.63 
4.63 
4.63 
4.63 
4.63 
4.63 
4.G3 

4.63 
4.03 
4.60 
4.00 


4 
4 
4 
4 
4 


(iO 
.00 
00 
.58 
.58 


4.58 

4..58 
4.58 
4.57 
4.57 
4., 57 
4.. "57 
4. .55 
4.57 
4.55 
4.55 

4.58 
4.55 
4.53 
4.58 
4.53 
4.53 
4.53 
4.53 
4.53 


le.  I  D.  1'. 


Cosliia. 


0.060730 
.060674 
.060618 
.960661 
.960505 
.060448 
.960893 
.960835 
.060379 
.960233 
.960165 

0.960109 
.960053 
.959995 
.959938 
.959883 
.959835 
.959768 
.959711 
.959654 
.959596 

9.959639 
.959483 
.959425 
9593(38 
.969310 
.95925.3 
.959195 
.959138 
.959080 
.959038 

0.958965 
.958908 
.958850 
.958792 
.958734 
.958677 
.958619 
.958501 
.9585a3 
.958145 

9.958387 
.958;i29 
.958271 
.$>58213 
.9581.54 
.958096 
.a580:iS 
.ft57979 
.957921 
.957863 

9.957804 
.957746 
.957087 
.957028 
.957570 
.957511 
.957452 
957393 
9573.35 

9.957276 


D.r. 


.93 
.93 
.95 
.93 
.95 
.98 
.95 
.93 
.05 
.95 
.93 

.95 
.95 
.95 
.93 
.95 
.95 
.95 
.95 
.97 
.95 

.95 
.95 
,^ 
.97 
.95 
.97 
.95 
.97 
.95 
.97 

.95 

.97 

■3 

.95 
.07 
.97 
.97 
.97 
.97 

.07 
.97 
.97 
.08 
AYT 
.97 
.98 
.97 
.97 
.98 

.97 
.98 
.98 
.97 
.98 
.08 
.98 
.07 
.98 


Tang. 


9.648588 
.648038 
.649363 
.&49603 
.&49943 
.650281 
.660630 
.660959 
.651397 
.651636 
.651974 

9.663813 
.663650 
.653988 
.663836 
.663663 
.654000 
.654837 
.654674 
.666011 
.656348 

0.655684 
.666020 
.666356 
.666693 
.667028 
.667804 
.657609 
.658034 
.658309 
.668704 

0.659039 
.659373 
.659708 
.660042 
.660376 
.660710 
.661013 
.061377 
.661710 
.662043 

0.602876 
.603700 
.663043 
.603875 
.603707 
.664030 
.664371 
.664703 
.665035 
.665306 

0.665698 
.666029 
.66<^«00 
.666691 
MTim 
.667853 
.667683 
.668013 
.668313 

0.668678 


ixr. 


6ine.    I  D.  1'.   li  Cotang. 


6.07 
6.67 
6.65 
6.67 
6.65 
6.65 
5.65 
5.68 
6.65 
6.68 
5.68 

6.68 
6.68 
6.68 
6.63 
6.63 
6.63 
6.63 
6.63 
6.63 
6.60 

6.60 
6.60 
5.60 
6.60 
6.60 
5.58 
6.58 
6.58 
6.58 
6.58 


5. 
6. 
6. 
6. 
6. 
6. 


67 
68 
57 
57 
57 
55 


6.67 
6.56 
6.55 
6.55 

5.55 
5.65 
5.56 
5.58 
5.58 
5.58 
5.58 
6.58 
6.53 
6.58 

6.53 
6.53 
5.53 
5.60 
6.53 
6.60 
5.53 
6.60 
6.50 


D.r. 


w^p^n 


CJotilog. 


10.861417 
.861077 
.860787 
.860096 

•860058 

.840680 
.849041 
.848703 
.848864 
.848036 

10.847688 
.847850 
.847013 
.846674 
.M6837 
.846000 
.845668 
.845836 
•844860 
.844653 

10.844816 
.848960 
.848644 
.848306 


.848636 

.843801 
.841066 
.841631 
.841396 

10.840061 
.840637 
.840693 
.889958 
.889624 
.889390 
.888957 
,888633 
.886290 
.837057 

10.887634 
.88?291 
.886958 
.886625 
.886393 
.885061 
.885629 
.885297 
.834965 
.88^631 

10.884303 
.888971 
.883640 
.883300 
.883079 
.883648 
.833818 
.881967 
.831657 

10.881837 


'^1)1%. 


00 

60 

66 

68 
63 
61 
60 

49 

48 
47 
46 

48 
43 
41 
40 

80 
88 
87 
86 
85 
34 
88 
83 
81 
90 

99 
26 
37 
26 
35 
^ 
23 
22 
21 
30 

19 
18 
17 
16 
15 
14 
18 
13 
11 
10 

9 
8 
7 
6 
5 
4 
8 
2 
1 
0 


74a 


i 


>r  TABLE  XVin.-LOGARITHMIC  SINES.  M 


i 


i 


1 


COSINES,  TANGENTS,  AND  COTANGENTS.       \ 


Sine. 


} 
I 

i 

5 
S 
7 
3 


9.64184S 
.642101 
.642360 
.642618 
.642877 
.648185 
.648893 
.648650 
.648906 
.644165 
.644423 

9.644680 
.614986 
.645198 
.645450 
.645706 
.645962 
.646218 
.646474 
.646729 
.646964 

9.647240 
.647494 
.647749 
.648004 
.648256 
.648512 
.648766 
.6490^0 
.649274 
.649527 

9.649781 
.660084 
.650287 
.650689 
.660792 
.651044 
.651297 
.651549 
.651800 
.652052 

9.652304 

.652555 

.652806 

.653057 

653308 

.653558 

.653808 

.654059 

654309 

654558 

354806 

)55068 

555307 

55556 

55805 

)6054 

>63Q2 

6551 

8799 

r047 

ie. 


D.r. 


4.82 
4.82 
4.80 
4.82 
4.80 
4.80 
4.28 
4.80 
4.28 
4.80 
4.28 

4.27 
4.28 
4.28 
4.27 
4.27 
4.27 
4.27 
4.25 
4.25 
4.27 

4.28 
4.25 
4.26 
4.28 
4.28 
4.28 
4.28 
4.23 
4.22 
4.23 

4.22 


4 

4 
4 
4. 
4. 
4 
4 
4 
4. 


22 

20 
22 
20 
22 
20 
18 
20 
20 


4.18 
4.18 
4.18 
4.18 
4.17 
4.17 
4.18 
4.17 
4.15 
4.17 


4. 

4. 
4. 
4. 
4. 
4. 
4. 


17 
15 
15 
15 
15 
18 
15 


4.13 
4.13 


D.r. 


Oofilne. 


9.958660 
.968599 
.958537 
.968475 
.968418 
.968862 
968290 
.968228 
.968168 
.968104 
.968042 

0.962980 
.952916 
.962855 
.962798 
.962731 
.962669 
.962606 
.962644 
.962481 
.962419 

9.962866 
.962294 
.962231 
.962168 
.962106 
.952013 
.951980 
.951917 
.951854 
.951791 

9.951726 
.951666 
.951602 
.951639 
.961476 
.951412 
.951849 
.951286 
.951222 
.951159 

9.951096 
.951032 
.950968 
.950906 
.950841 
.950778 
.950714 
.950650 
.950586 
.950522 

9.950458 
.950394 
.950330 
.950266 
.950202 
.950138 
.950074 
.950010 
.949945 

9.949881 


Sine. 


D.1% 


.02 
.03 
.03 
.08 
.02 
.08 
.08 
.08 
.08 
.08 
.08 

.08 
.05 
.08 
.03 
.08 
.05 
.03 
.05 
.08 
.05 

.03 
.05 
.05 
.03 
.05 
.05 
.05 
.05 
.05 
.05 

.05 
.05 
.05 
.05 
.07 

.07 
.05 
.05 

.07 
.07 
.05 
.07 
.05 

.or 
.or 
.or 

.07 
.07 

.07 
.07 
.07 
.07 
.07 
.07 
.07 
.06 
.07 


Tang. 


9.686182 
.688502 
.688823 
.689143 
.689463 
.689788 
.690103 
.690428 
.690742 
.691062 
.691861 

9.601700 
.692019 
.6928^ 
.692656 
.692975 
.698298 
.608612 
.608980 
.694246 
.604666 

9.604888 
.696201 
.696518 
.695886 
.696153 
.696470 
.696787 
.697103 
.697420 
.697786 

9.696058 
.698869 
.696685 
.699001 


.699682 
.699947 
.700268 
.700678 
.700898 

9.7O1206 
.701528 
.701887 
.702152 
.702466 
.702781 

.  .708096 
.706409 
.708722 
.704086 

9.704850 
.704668 
.704976 
.706290 
.705603 
.705916 
.706228 
.706541 
.706664 

9.707166 


D.  1'.  II  CotAng. 


D.r. 


5. 
5. 
6. 
5. 
5. 
5. 


.88 
.82 
.38 
.88 
.88 
.88 
5.88 
5.82 
6.88 
5.82 
5.82 

5.82 
5.82 
5.80 
5.82 
5.80 
5.82 
5.80 
5.80 
5.80 
6.26 

6.80 
5.26 
6.80 
6.26 
6.26 
6.26 
5.27 
5.26 
5.27 
6.26 

6.27 
5.27 
6.27 
6.25 
6.27 
6.25 
6.27 
6.25 
6.25 
6.25 

5. 
5. 
5. 
5. 
6. 
5. 
5. 
5. 


.25 
.28 
.25 
.28 
.25 
.28 
.28 

5!28 
5.28 

5.22 
5.22 
5.28 
6.22 
6.22 
5.20 
6.23 
5.23 
6.20 


D.l". 


Cotang. 


10.811818 
.811496 
.811177 
.810657 
.810587 
.810217 
.809697 
.809677 
.809258 
.806968 
.806619 

10.806800 
.807961 
.807662 
.807844 
.807025 
.806707 
806886 
.806070 
.805768 
.805484 

10.806117 
.804799 
.801482 
.804164 
.808847 
.806680 
.808218 
.802897 
.802560 
.802264 

10.801947 
.801681 
.801816 
.800999 
.800684 
.800868 
.800058 
.299787 
.299422 
.299107 

10.296798 
.296477 
.296168 
.297848 
.297584 
.297219 
.296905 
.296591 
.296278 
.295964 

10.296650 
.296337 
.295024 
.294710 
.294897 
.294064 
.293778 
.298459 
.293146 

10.292684 


67 
66 
65 
64 
68 
52 
51 
60 

49 
46 
47 
46 
45 
44 
48 
42 
41 
40 

89 
86 
87 
86 
86 
84 
88 
88 
81 
80 

89 
88 
27 
26 
85 
84 
88 
82 
21 
80 

19 
16 
17 
16 
15 
14 
13 
12 
11 
10 

9 
8 
7 
6 
6 
4 
8 
8 
1 
0 


T«x^.  \  •  \ 


IPkh 


T7» 

TABLE  XX-Tn.—LO-.ARITHSnC  SIXES. 

■«J 

'1 

OlB. 

D.  r.     c 

OBllK.        11 

.-■ 

rang. 

D.r. 

<»,;.  - 

Ol  B 

«B7(M7 

4IS    1    > 

9M8W 

1 

707108 

b!«0 
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10.nBH    WW 
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Is 

9t9TSa 
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8 
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WoX 
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:| 

Wi 
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10 
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.W0718 

n<K 
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BSKM 
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71CB8S 

•s 

MOOB 

MDliO 

71  (WH 

«» 

1  jj 

U 

4:0s 

Tiiae 

.»B473<«a 

iKwr« 

>ewo 

711B86 

.Hsiu   ■  a 

94884.') 

:o8 

.«!W4     «£ 

WISH 

Ms:i» 

71M5b 

.»nu4i«e 

1H 

esi«<] 

e49ne 

7isnw 
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BSIT-JO 

M88S0 

;*  ' 

TlSOTl) 

.MRBU  '  41    ■ 

«119™ 

»«BW 

71SffiO 

5:17 

.WK14    m  < 

n    g 

W3214 
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Tiaest 

io.nsiM '  a  a 

BC 

HS45g 

MWfri 

;to 

.lanfi   B  * 

w 

M83K8 

s:'? 

.aasem   r  - 

H 

MBI6 

il 

ho 

IS 

GSUW 

MHS7 

7l  (■.«■! 

X 

»H33 

un« 

71  .W  I-- 

:mtcbim 

.M444g!a 

an 

NBTHO 

■ 

Sfl 

BIMIHS 

MTSftS 

ri8i«8 

'.KKax 

a 

mfoo 

MTBifl 

718477 

>:!« 

JKStB 

■/ 

.10       ^ 

».ffisns 

• 

ss 

3(14*11 

W7TB7 

71T093 

.«W07 

" 

4.03 

947731 

717401 

g  j; 

.KKOB 

*f  / 

:w 

H 

ss 

los 

Ikiks   ■ 

K 

vm-a 

M7583 

■10   , 

.SBiera   M 

117 

4:us 

M74fl7 

.wiiw7,a 

SH 

miua 

-W   i 

.asiono    t) 

311 

enove 

4:08 

.980759    n 

66SS^) 

M«8B 

71!  I'-".-. 

6!ia 

.»0«45'» 

41    g 

BBTOWl 

a;ea  ' 

wraoa 

la      " 

io.»«in   u 

unsa 

.tnssi  1  u 

XTTM 

M7O70 
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M70M 
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»»sa7 
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'STSEOI 

MTOoe 
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.STSsae^ 
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J46738 

K) 
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»*«0M 

7iiHi 

'.sntm    n 

51    g 

muA 

i-i  ' 

Mfl53B 

:ii 

TasHiaT 

larsnu    s 
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Mtmi 

7S353U 

.anvs 

OMIHI 

wiwsr 

ja3W4 

Bios 

.STOisel 

ITO+IB 

1)4BB70 

.S73W1  1 

eittaos 

)70«>6 

B4ai30 

7347UO 

ifraeioi 

ffi-IlM 

MWKH) 

rasoos 

671S73 

3.BB         g 

M«B> 

.18       , 

«U     B 

erieoe 

786874 

lOilTIM 

-1 

~^/ft 

;ita^ 

il,  r. 

Binp.    ili 

TvT  "c 

OUBK. 

I1.1*. 

Itag. 

" 

OOSINES,  TANGENTS,  AND  COTANGENTr        149» 


Sine. 


0 
1 

S 
8 
4 
6 
6 
7 
8 
9 
10 

11 
18 
18 
14 
15 
16 
17 
18 
19 
20 

21 
22 
28 
24 

25 
26 

27 
28 
29 

ao 

81 
82 
88 
84 
85 
86 
87 
88 
89 
40 

41 
4St 
48 
44 
45 
46 
47 
48 
49 
60 

61 
52 
58 
54 
66 
66 
67 
66 
69 
60 


9.606070 
.690189 
.099407 
.090620 
.899644 
.700062 
.700080 
.700496 
.700716 
.700088 
.701161 

9.701868 
.701685 
.701802 
.709019 
.702286 
.702462 
.709669 
.702885 
.708101 
.708817 

9.706583 
.708749 
.708964 
.704179 
.704895 
.704610 
.704825 
.706040 
.706254 
.705469 

9.706683 
.705896 
.706112 
.706326 
.706689 
.706758 
.706967 
.707180 
.707308 
.707006 

9.707819 
.706062 
.708245 
.708458 
.7086r0 
.706882 
.700094 
.709006 
.709518 
.709790 

9.709941 
.710153 
.710864 
.710575 
.710786 
.710997 
.711208 
.711419 
.711629 

9.711889 

Cosine. 


P.l*. 


8.65 
8.68 
8.65 
8.68 
8.68 
8.68 
8.63 
8.63 
8.62 
8.63 
8.62 

8.62 
8.62 
8.62 
8.62 
3.60 
8.62 
8.60 
8.60 
8.60 
8.60 

8.60 
8.58 
8.58 
8.60 
8.58 
8.58 
8.68 
3.57 
3.58 
8.67 

3.58 
8.57 
3.57 
8.56 
8.57 
8.57 
8.65 
8-65 
8.65 
8.55 

3.56 
3.55 
3.55 
8.58 
8.58 
3.58 
8.53 
8.58 
8.53 
8.52 

8.58 
8.62 
3.52 
8.52 
8.52 
8.52 
8.52 
8.60 
8.60 


Cosine. 


9.987681 
.987458 
.987385 
.987812 
.987288 
.987165 
.937092 
.987019 
.986946 
.986872 
.986799 

9.936725 
.986662 
.986578 
.986605 
.936481 
.986857 
.936284 
.936210 
.980186 
.986062 

9.935968 
.935914 
:935840 
.936766 
.985692 
.985618 
.935543 
.935469 
.935395 
.935320 

9.935246 
.935171 
.936097 
.986022 
.934948 
.984878 
.934798 
.934723 
.934649 
.934574 

9.934499 
.934424 
.931349 
.934274 
.934199 
.934123 

.933973 
.933898 
.933822 

9.933747 
.933671 
.933696 
.933520 
933445 
.938369 
.9332a3 
.933217 
.933141 

9.938066 

Sine. 


D.  i:. 


22 
.22 

23 

!22 
.23 

!23 

.22 
.23 

!23 
23 

!28 
.28 
.23 
.23 

.23 
.23 
.23 
23 
.23 
.25 
23 
.23 
.25 
.23 

.25 
.23 
.25 
.23 
.25 
.25 
.25 
.23 
.25 
.25 

.25 
.25 
.25 
.25 
27 
.25 
.25 
.25 
.27 
.25 

.27 
.25 
.27 
.25 
.27 
.27 
.27 
.27 
.25 


D.  r. 


Tang. 


9.761439 
.761731 
.762023 
.762814 
.762606 
.762897 
.768188 
.763479 
.768770 
.764061 
.764862 

9.764643 
.764933 
.766224 
.766514 
.765605 
.766095 
.766886 
.766675 
.766965 
.787265 

9.767545 
.767834 
.768124 
.768414 
.768703 
.768992 
.769281 
.760571 
.769860 
.770148 

9.770437 
.770728 
.771015 
.771803 
.771592 
.771880 
.772168 
.772457 
.772745 
.778083 

9.778821 
.778608 
.778896 
.774184 
.774471 
.774759 
.7?5046 
.775883 
.775621 
.775908 

9.776195 
.776482 
.776768 
.777065 
.777342 
.777628 
.777915 
.778201 
.778488 

9.778774 

Cotang. 


D.  r. 


4.87 
4.87 
4.85 
4.87 
4.85 
4.85 
4.85 
4.85 
4.85 
4.85 
4.85 


.88 
.85 
.88 
.85 
.88 
88 
88 
83 
88 
.88 


4.82 

4.88 
4.88 


82 
82 

82 
83 
82 
80 
.82 


82 
82 

80 
82 
80 
80 
82 
80 
4.80 
4.80 

4.78 
•^.80 
4.80 
4.78 
4.80 
4.78 
4.78 
4.80 
4.78 
4.78 


78 
77 
78 
78 
77 
78 
77 
4.78 
4.77 


D.  r. 


Cotang. 


10.288661 
.288209 
.237977 
.287686 
.237394 
.287103 
.286812 
.286521 
.286230 
.235939 
.236648 

10.236357 
.236067 
.234776 
.284486 
.234195 
.233905 
.233615 
.238825 
.233035 
.232745 

10.232455 
.232166 
.231876 
.231586 
.231297 
.231006 
.230719 
.230429 
.230140 
.229862 

10.229663 
.229274 
.228985 
.228607 
.228408 
.228120 
.227882 
.227548 
.227255  i  21 
.226967  20 


10.226679 
.226392 
.226104 
.225816 
.225629 
.225241 
.224954 
.224667 
.224379 
.221092 

10.228805 
.228518 

.222945 
.222668 

.221799 

.221512 

10.221226 

Tang. 


60 
59 
58 
67 
66 
55 
54 
53 
52 
51 
50 

49 
48 
47 
46 
45 
44 
43 
42 
41 

4a 

39 
38 
37 
36 
35 
34 
33 
32 
31 
80 

29 
28 
27 
26 
25 
24 
28 
28 


19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


190* 


749 


29« 


TABLE  XVIIL— LOGARITHMIC  SINES. 


IM" 


/ 


0 

1 

2 
8 
4 
5 
6 
7 
8 
9 
10 

11 
12 
18 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
80 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


Sine. 


9.685571 
.686799 
.686027 
.686254 
.686482 
.686709 
.686936 
.687163 
.667389 
.687616 
.687843 

9.668060 
.6882% 
.688521 
.688747 
.688972 
.689196 
.689423 
.689&18 
.689873 
.690098 

9.690323 
.690548 
.690772 
.690996 
.691220 
.601444 
.691668 
.691892 
.692115 
.692339 

9.692562 
.692785 
.693008 
.693231 
.693453 
.693676 
.693898 
.694120 
.694342 
694564 

9.694786 

695007 

.695229 

.695450 

695671 

.695892 

.696113 

.096334 

69&'>54 

696775 

9.696995 
.697215 
.697435 
.697654 
.697874 
698094 
.698313 
.698532 
.698751 

P.  698970 


D.r. 


8.80 
3.80 
3.78 
3.80 
3.78 
3.78 
3.78 
3.77 
3.78 
3.78 
3.77 

3.77 
3.77 
3.77 
3.75 
3.77 
3.75 
8.75 
3.75 
8.75 
8.75 

3.75 
3.78 
3.78 
3.78 
3.78 
3.73 
3.78 
3.72 
8.78 
3.72 

3.72 
3.72 
3.72 
3.70 
3.72 
3.70 
8.70 
3.70 
3  70 
3.70 

3.68 
3  70 
3.68 
8  68 
3.68 
3.68 
3.68 
3.67 
3.68 
367 

3.67 
3.67 
3.65 
3.67 
3.67 
3.65 
3.65 
3.65 
8.65 


/  Coaine,  \  D.  1'. 


Cosine. 


9.941819 
.941749 
.941079 
.941609 
.941539 
.941469 
.941398 
.941328 
.941258 
.941187 
.941117 

9.941046 
.940975 
.940905 
.940884 
.940763 

.040622 
.94(»51 
.940480 
.940409 

9.940338 
.940267 
.940196 
.940125 

.980082 
.933011 
.939840 
939768 
.939097 

9.939625 
.939554 
.939482 
.939410 
.939339 
.939267 
.939195 
.939123 
.939052 
.938960 

9.938908 
938836 
.988768 
.938691 
.938619 
.988547 
.938475 
.938402 
.938330 
.938258 

9.938185 

.938113 

988040 

.987967 

937895 

937822 

937749 

.937676 

.937604 

9.937531 


D.r. 


1.17 
1.17 
1.17 
1.17 
1.17 
1.18 
1.17 
1.17 
1.18 
1.17 
1.18 

1.18 
1.17 
1.18 


.18 
17 
18 
.18 
18 
.18 


1.18 


.18 
.18 
.18 
.18 
.20 
.18 
1.18 
1.20 
1.18 
1.20 


1. 
1. 
1. 
1. 
1. 
1 


1. 

1. 

1 

1, 

1. 

1 

1. 


.18 
.20 
20 
.18 
.20 
.20 
.20 
1.18 
1.20 
1.20 

1.20 


22 
20 
20 
20 
20 
22 
20 
1.20 
1.22 

1.20 


22 
22 

20 


1.22 
1.22 
1.22 
1  20 
1.22 


Tang. 


9.748762 
.744060 
.744848 
.744645 
.744948 
.745240 
.745588 
.74'«85 
.74ol82 
.746429 
,740726 

9.747028 
.747819 
.747616 
.747918 
.748209 
.748605 
.748801 
.749097 
.740893 
.749689 

9.749965 
.750281 
.750576 
.750872 
.761167 
.761462 
.761767 
.762052 
.752347 
.752642 

9.752987 
.f53231 
.753526 
.?^3820 
.754115 
.7^4409 
.754703 
.754997 
.755291 
.756585 

0.756878 
.766172 
.756465 
.766759 
.757062 
.757345 
.757688 
.757931 
.758224 
.758517 

9.758810 
.759102 
.759395 
.759687 
.759979 
.760272 
.760564 
760666 
.761148 

9.761489 


D.r. 


4. 
4. 
4. 
4. 
4. 
4. 
4. 
4 
4 
4. 


97 
97 
96 
97 
96 
97 
96 
96 
96 
96 


98 


4.95 

4.98 
4.96 
4.95 
4.93 
4.98 
4.98 
4.98 
4.98 
4.98 
4.98 

4 

4 

4.98 

4.98 

4.98 

4.98 

4.92 

4.92 

4.92 

4.92 

4.90 
4  98 
4.90 
4.92 
4.90 
4.90 
4.90 
4.90 
4.90 
4.88 

4.90 
4.88 
4.90 
4.88 
4.88 
4.88 
4.88 
4.88 
4.88 
4.88 

4.87 


88 
87 
.87 
88 
.87 
.87 
.87 
.85 


Sine.    \  D.V.    '  CoX«n|6.v  \>,V. 


Cotaac;. 


10, 


60 

m 

fiS 
87 
66 
6B 

54 

.264165  '•  51 


.856060 
.85666S 

.256855 
.256067 
.254700 


.2585n 
.253274 


10 


.250007 
.260811 


.280144 


M 
60 


4B 
47 

.262087  ■  46 

.251791     45 

.251«I5 

.251190 

.260008 


44 

48 
40 


41 
40 


10.250016  80 

.219719  08 

.240124  S 

.248128  80 


.2t8M3 

.247948  at 

.247658  81 

.247858  80 

1O.2I7083  SO 

.210780  « 

.1M&I74  27 
.216180  I  26 

.2I58B5  25 

.215601  2i 


.215008  21 
.244709  21 
.214415    20 

10.244122  19 

.248828  ,  18 

.248685  I  17 

.248941  If 

.242018  15 

.242665  14 

.1M2802  II 

.242060  IS 

.241776  11 

.241488  10 

10.241190  '  0 
.240606  .  8 
.240606  I  7 
.240S18  6 
.210021  ,  5 
.280728  I  4 
S 
t 
1 

10.2B8561      0 


Tang;     I 


748 


so* 


CJOSINES,  TANGENTS.  AND  COTANGENTr        i49» 


Sine.      D.  !• 


0 
1 

s 

8 
4 
6 
6 
7 
8 
9 
10 

11 
12 
18 
14 
16 
16 
17 
18 
19 

ao 

21 
22 
23 
24 
25 
26 
27 
28 
29 
80 

31 
32 
33 
34 
35 
36 
87 
38 
39 
40 

41 
42 
48 
44 
45 
46 
47 
48 
49 
50 

51 
52 
58 
54 
56 
56 
57 
58 
60 
60 


180' 


9.M6070 
.600189 
.699407 
.099626 
.699644 
.700062 
.700280 
.700498 
.700716 
.700933 
.701151 

9.701368 
.701685 
.701802 
.702019 
.708236 
.702452 
.702669 
.7QS885 
.708101 
.703317 

9.706533 
.706749 
.703964 
.704179 
.704395 
.704610 
.704825 
.705040 
.706254 
.705469 

9.706683 
.705898 
.706112 
.706326 
.706539 
.706753 
.706967 
.707180 
.707393 
.707606 

9.707819 
.706082 
.708245 
.706458 
.706670 
.706882 
.709094 
.709306 
.709518 
.709730 

9.709941 
.710153 
.710364 
.710575 
.710786 
.710997 
.711208 
.711419 
.711629 

9.711839 


Cosine. 


8.66 
8.68 
8.66 
8.68 
8.68 
8.68 
3.63 
3.63 
8.62 
8.63 
8.62 

3.62 
3.62 
8.62 
8.62 
8.60 
8.62 
8.60 
8.60 
3.60 
3.60 

8.60 
3.58 
3.58 
3.60 
3.58 
3.58 
8.68 
8.57 
3.58 
3.57 

3.58 
3.57 
8.57 
8.55 
8.57 
8.57 
3.55 
3-55 
3.55 
3.56 

3.56 
3.55 
3.55 
8.53 
3.53 
3.53 
3.53 
3.53 
3.53 
3.52 

8.53 
3.62 
3.52 
3.52 
3.52 
8.52 
3.52 
3.50 
3.50 


D.  r. 


Ck)6ine. 


9.987531 
.937458 
.987385 
.937812 
.937238 
.937165 
.937092 
.987019 
.936946 
.986872 
.936799 

9.986725 
.986662 
.936678 
.936505 
.936431 
.936857 
.936284 
.936210 
.936136 
.936062 

9.935068 
.985914 
.935840 
.935766 
.935692 
.935618 
.985543 
.935469 
.935395 
.985320 

9.935246 
.935171 
.935097 
.985022 
.934948 
.984873 
.934798 
.934723 
.984649 
.934574 

9.984499 
.984424 
.934349 
.934274 
.934199 
.934123 

.933973 
.933898 
.933822 

9.933747 
.933671 
.933596 
.933520 
933445 
.933369 
.933293 
.933217 
.933141 

9.933066 


D.  r. 


Sine. 


22 
.22 
.22 
.23 

■  Aw 

!22 
.22 
.23 
.22 
.23 

.22 
.23 

!23 
.23 
.22 
.28 
.23 
.23 
.23 

.23 
.23 
.23 
.23 
.23 
.25 
.23 
.23 
.25 
.23 

.25 
.23 
.25 
.23 
.25 
.25 
.25 
.23 
.25 
.25 

.26 
.25 
.25 
.25 
.27 
.25 
.25 
.25 
.27 
.25 

.27 
.25 
.27 
.25 
.27 
.27 
.27 
.27 
.25 


D.  r. 


Tang. 


9.761439 
.761731 
.762028 
.762814 
.762606 
.762897 
.763188 
.763479 
.768770 
.764061 
.764352 

9.764643 
.764933 
.766224 
.765514 
.765605 
.766095 
.766886 
.766676 
.766966 
.767255 

9.767546 
.767834 
.768124 
.768414 
.768703 
.768992 
.769281 
.769671 
.769860 
.770148 

9.770437 
.770726 
.771015 
.771808 
.771592 
.771880 
.772168 
.772457 
.772746 
.778033 

9.773821 
.778608 
.778896 
.774184 
.774471 
.774769 
.775046 
.775333 
.775621 
.775908 

9.776195 
.776482 
.776768 
.777065 
.777342 
.777628 
.777915 
.778201 
.778488 

9.778774 


D.  1'. 


Cotang. 
■  ■  "^ 


4.87 
4.87 
4.86 
4.87 
4.86 
4.85 
4.85 
4.86 
4.86 
4.86 
4.86 


.83 
.86 
83 
,86 
83 
83 
88 
88 
83 
83 

82 
83 
83 
82 
82 
82 
83 
.82 
80 


4.82 

4.82 
4.82 
4.80 
4.82 
4.80 
4.80 
4.82 
4.80 
4.80 
4.80 


4 

4 
4 
4 
4 
4 
4 
4 
4 


78 
80 
80 
78 
80 
78 
78 
80 
78 
78 


4.78 
4.77 
4.78 
4.78 
4.77 
4.78 
4.77 
4.78 
4.77 


Cotang. 


10.286661 
.288869 
.237977 
.287686 
.237894 
.237103 
.286812 
.286521 
.236230 
.235939 
.235648 

10.235357 
.286067 
.284776 
.284486 
.284195 
.283905 
.283615 
.233325 
.283085 
.282745 

10.232456 
.232166 
.231876 
.231586 
.231297 
.281008 
.280719 
.280429 
.230140 
.229862 

10.229563 
.229274 
.228985 
.228697 
.228408 
.228120 
.227882 
.227543 
.227255 
.226967 

10.226679 
.226392 
.226104 
.225816 
.225529 
.225241 
.224954 
.224667 
.224379 
.224092 

10.228605 
.228618 

.222945 
.222658 
.222872 
.222066 
.221799 
.221512 
10.221226 


60 
59 
58 
57 
66 
55 
64 
53 
52 
51 
50 

49 
48 
47 
46 
45 
44 
48 
42 
41 

4a 

39 
38 
87 
36 
36 
34 
33 
32 
31 
80 

29 
28 
27 
26 
25 
24 
28 
28 
21 
20 

19 
18 
17 
16 
16 
14 
13 
12 
11 
10 

9 
8 
7 
6 
6 
4 
8 
2 
1 
0 


D.V.  \  lKo%.  \  • 


^^ 


81* 


TABLE  XVIir.— LOGARITHMIC  SINES. 


iir 


Sine. 


D.  r. 


0 
1 
2 
8 

4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
10 
20 

21 
22 
23 
24 
26 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
89 
40 

41 
42 
43 
44 
45 
40 
47 
48 
49 
CO 

51 
52 
63 
M 
55 
66 
57 
58 
69 
60 


9.711830 
.712060 
.7122G0 
.71^160 
.712679 
.712889 
.718096 
.713306 
.713517 
.718726 
.718935 

9.714144 
.714852 
.714601 
.714769 
.714978 
.716186 
.715894 
.715602 
.715809 
.716017 

9.7162»4 
.716432 
.716689 
.716846 
.717053 

.7i7a>y 

.717466 
.717878 
.717879 
.718085 

9.718291 
.718497 
.718703 
.718909 
.719114 
.719820 
.719625 
.719730 
.719935 
.720140 

9.730846 
.780549 
.720754 
.720958 
.721162 
.721366 
.721570 
.72irr4 
.721978 
.722181 

9.722385 
.722588 
.722791 
.722994 
.723197 
.723400 
.723603 
.723805 
.724007 

9.724210 


izl 


3.52 
3.50 
8.48 
8.50 
8.60 
8.48 
3.50 
8.48 
8.48 
8.48 
8.48 

8.47 
8.48 
8.47 
8.48 
8.47 
8.47 
8.47 
8.45 
8.47 
8.45 

3.47 
3.46 
8.45 
3.45 
8.48 
8.45 
3  'J5 
8.48 
3.48 
8.48 

3.48 
8.48 
8.43 
8.42 
8.48 
8.42 
8.42 
8.42 
8.42 
3.42 

3.40 
3.42 
8.40 
8.40 
8.40 
8.40 
3.40 
3.40 
3.88 
3.40 

3.88 
8.38 
8.38 
8.38 
8.38 
8.38 
3.87 
3.87 
8.38 


Cosine. 


D.  r. 


Tang. 


D.  r.      Ck>taiiff. 


9.988066 
.982990 
.98!»14 
.982838 
.988762 
.932686 

.982633 
.932457 
.982880 
.932804 

9.982228 
.932161 
.982075 
.081998 
.981921 
.981846 
.931768 
.931691 
.931614 
.931537 

9.931460 
.931388 
.981806 
.981229 
.931152 
.981075 

.980921 
.980843 
.980766 

9.980688 
.980611 
.930538 
.980456 
.930378 
.930800 
.930228 
.980145 
.980067 
.929969 

9.929911 
.929633 
.929756 
.929677 
.929599 
.999621 
.929442 
.929364 
.929286 
.929207 

9.929129 
.929060 
.928972 
.928893 
.928816 
.928736 
.928657 
.928578 
.926499 

9.928420 


.27 

.r 

.27 
.27 

.28 
.27 
.27 
.27 
.28 
.27 
.27 

.28 
.27 

.28 
.28 
.27 
.28 
.28 
.28 
.28 
.26 

.28 
.28 
.26 
.26 
.28 
.28 
.28 
.80 
.28 
.80 

.28 
.80 
.28 
.80 
.80 
.28 
.80 
.80 
.80 
.80 

.80 
.80 
.80 
.80 
.80 
.82 
.80 
.80 
.82 
.80 

.82 
.80 
.82 
.80 
.82 
.82 
.82 
.32 
.32 


9.778*74 
.779060 
.7r9846 
.7796^ 
.779918 
.780208 
.780489 
.780775 
.781060 
.781346 
.761681 

9.781916 
.782201 
.782486 
.782721 
.788066 
.783341 
.788626 
.763910 
.784195 
.7^79 

9.784764 
.785048 
.786882 
.766616 
.786900 
.786164 
.786468 
.786752 
.787086 
.787319 

9.787608 
.787886 
.788170 
.788463 
.788786 
.789019 
.789802 
.789665 

.790161 

9.790484 
.790716 
.790999 
.791261 
.791668 
.791846 
.792128 
.792410 
.792692 
.792974 

9.798266 
.798586 
.793819 
.794101 
.794883 
.794664 
.794946 
.796227 
.796606 

9.79578i> 


Cosine,  I  D.  1'.  |l     Sine.    \  D.  V.  \\  CotAxv^. 


4.77 
4.77 
4.77 

4.77 
4.75 
4.77 
4.77 
1.75 
4.77 
4.75 
4.75 


4. 
4. 
4. 
4. 
4. 


.75 
.75 
.75 
.76 
.75 
4.75 
4.78 
4.75 
4.78 
4.75 

4.78 
4.78 
78 
78 
78 
78 
4.78 
4.78 
4.72 
4.78 

4.72 


78 
72 
72 
72 
72 


4.72 
4.72 
4.72 
4.72 


70 
72 
70 
70 
72 
70 
70 
4.70 
4.70 
4.70 

4.70 
4.66 
4.70 
4.70 
4.66 
4.70 
4.68 
4.66 
4.68 


I  D.  1'. 


lO.StttM  60 
.8S0MO'  St 
.820854  I  a 
.290968  1  m 
.290082    81 

.2i9<irr  55 

.219511  51 
.21ie95  51 
.218M0I  a 
.918651  !  S 
.918800    a 

lO.'9180B«  !  « 

.9i7rao   4 

.917814  1  47 

.2ieM4  IB 
.910660  44 
.910874  I  48 
.910000  « 
.915805  41 
.915091  :  40 

10.915980  i  m 

.9149K '  a  > 

.9146G8  :  37  i 
.914884  ;  a 

.914100 !  a  ! 
.918816   a  : 

.918582  i  a 
.918948  a 
.912904  -  81 
.919081     a 

10.919807  a 

.912114  a 

.911880  S7 
.911547  a 
.911964  a 
.910081  i  a 
.910006  ,  a 
.910415  a 
.910182  1  a 
.900849  a 

10.900666  '  a 
.900984  a 
.900001  17 

.908n9  J  a 

.908487  ;  a 
.908154  '  14 

.90fs«79 ;  a 

.907500  I  a 
.907908  '  11 
.907096     10 


10.906744 
.906402 
.906181 
.906800 
.906617 
.906886 
.906064 
.901778 
.904499 

10.904911 


TtLng. 


9 
8 

7 
• 
& 
4 
S 
S 
1 


JSl 


fr 


COBlkES,  TANGENTS,  AND  COTANGENTS.       14T^ 


Sine. 


D.  r. 


0 
1 

s 

8 

4 
6 
6 
7 
8 
9 
10 

11 
18 
18 
14 
16 
16 
17 
18 
19 

ao 

21 
88 
S3 
84 
86 
86 
27 
28 
29 

ao 

81 
88 
33 
34 
85 
86 
37 
88 
89 
40 

41 
48 
43 
44 
46 
46 
47 
48 
49 
60 

61 
62 
53 
64 
65 
56 
67 
68 
60 
60 


9.784310 
.734418 
.T81614 
.T34816 
.726017 
.71^19 
.785420 
.786622 
.725823 
.726084 
.786885 

9.796426 
.726626 
.726827 
.72r087 
.727228 
.787428 
.787628 
.787828 
.788027 
.788227 

9.728427 
.728626 
.728825 
.789024 
.729823 
.729428 
.789621 
.789880 
.780018 
.780817 

9>7a0416 
.780613 
.730811 
.781009 
.731806 
.731404 
.781602 
.731799 
.731996 
.738193 

9.788890 
.732587 
.732784 
.732980 
.738177 
.788373 
.733569 
.738765 
.783961 
.734157 

9.734353 
.734549 
.734744 
.734939 
.735135 
.735330 
.735525 
.735719 
.735914 

9.786109 

I  CcNsine. 


8.37 
3.37 
3.87 
3.85 
3.87 
3.36 
3.87 
3.35 
3.85 
3.35 
3.35 

8.83 
3.35 
3.33 
8.85 
3.33 
3  83 
3.33 
3.82 
3.33 
3.33 

3.82 
3.82 
3.38 
8.82 
3.82 
3.38 
8.88 
3.30 
3.32 
3.80 

3.80 
3.80 
3.30 
3.28 
3.30 
3.30 
3.88 
3.88 
3.88 
3.88 

3.88 
3.88 
3.87 
3.88 
3.87 
3.27 
3.27 
3.27 
3.27 
3.87 

3.27 
3.85 
3.25 
3.27 
3.25 
3.85 
3.23 
8.85 
3.25 

D.  r. 


Cosine. 


D.  1\ 


9.988480 
.988848 
.988863 
.988183 
.988104 
.988085 
.987946 
.987867 
.927787 
.927708 
.987629 

9.987549 
.987470 
.987800 
.987310 
.987881 
.987151 
.987071 
.986991 
.926911 
.986831 

9.926751 
.986671 
.986591 
.986511 
.986431 
.986351 
.986870 
.986190 
.926110 
.986029 

9.985949 
.925868 
.925788 
.986707 
.925626 
.925545 
.925465 
.925384 
.92530;) 
.925222 

9.925141 
.925060 
.924979 
.924897 
.924816 
.924735 
.984654 
.924572 
.984491 
.924409 

9.984328 
.924246 
.924164 
.924063 
.924001 
.923919 
.928837 
.923755 
.923673 

9.983591 

Bine. 


1.80 
1.88 
1.88 
1.38 
1.88 
1.38 
1.33 


.88 
.88 
.88 
.33 


1.88 
1.33 
1.83 
1.88 
1.88 
1.88 
1.83 
1.83 
1.83 
1.38 

1.83 
1.33 
1.83 
1.83 
1.33 
1.85 
1.83 
1.33 
1.86 
1.83 

1.85 
1.33 
1.35 
1.85 
1.35 
1.83 
1.85 
1.85 
1.36 
1.85 


.35 
.35 


1-37 


.85 
.85 


1.85 
1.87 
1.85 
1.87 
1.85 

1.87 
1.87 
1.85 
1.37 
1.37 
1.37 
1.37 
1.37 
1.37 


D.  r. 


Tang. 


9.795789 
.796070 
.796861 
.796688 
.796913 
.797194 
.797474 
.797755 
.798036 
.798316 
.798696 

9.798877 
.799167 
.799487 
.799717 
.799907 
.800877 
.800667 
.800636 
.801116 
.801896 

9.801675 
.801955 
.808834 
.808513 
.808708 
.803078 
.803351 
.803630 
.803909 
.804167 

9.804466 
.804745 
.805023 
.806302 
.805580 
.805859 
.806137 
.806415 
.806693 
.806971 

9.807849 
.807527 
.807805 

.0U0Ud3 

.806861 
.806638 
.806916 
.809193 
.809471 
.809748 

9.810025 
.810802 
.810580 
.810857 
.811184 
.811410 
.811667 
.811964 
.818241 

9.812517 

Cotang. 


D.  r. 


4.68 
4.68 
4.68 
4.68 
4.68 
4.67 
4.68 
4.68 
4.67 
4.67 
4.68 

4.67 
4.67 
4.67 
4.67 
4.67 
4.67 
4.65 
4.67 
4.67 
4.66 

4.67 
4.66 
4.66 
4.65 
4.67 
4.65 
4.66 
4.66 
4.63 
4.65 

4.65 
4.63 
4  66 
4.63 
4.65 
4  63 
4.63 
4.63 
4.63 
4.63 

4.68 
4.68 
4.68 
4.63 
4.62 
4.68 
4.68 
4.68 
4.68 
4.68 

4.68 
4.63 
4.68 
4.68 
4.60 
4.68 
4.68 
4.68 
4.60 

D.l\ 


Cotang. 


10.804811 
.808930 
.808649 
.808868 
.108087 
.808806 
.808586 
.808845 
.801964 
.801684 
.801404 

10.801188 
.800^ 
.800663 
.900883 

.soooas 

.199783 
.199443 
.199164 
^.198084 
.198604 

10.198825 
.198045 
.197766 
.197487 
.197908 
.196988 
.196649 
.196870 
.196091 
.196813 

10.195634 
.196355 
.194977 
.194698 
.194420 
.194141 
.198663 
.198685 
.198807 
.198089 

10.198751 
.198473 
.192195 
.191917 
.191639 
.191862 
.191084 
.190807 
.190629 
.190868 

10.189975 
.189698 
.169420 
.189143 
.168666 
.186$90 
.166813 
.188036 
.187769 

10.167468 


,    Tws%f,    \  * 


60 
69 
66 
67 
66 
65 
64 
63 
68 
61 
60 

49 
48 
47 
46 
46 
44 
48 
48 
41 
40 

89 
88 
87 
86 
86 
84 
88 
88 
31 
80 

89 
86 
87 
86 
86 
81 
88 
88 
81 
80 

19 
18 
17 
16 
16 
14 
18 
18 
11 
10 

» 
8 

I 

6 

i 

I 


1^\ 


w 


TABLE  XVIIl.— LOnARITHMTC  SINES, 


Tang.       D.  y.      Cotang. 


.81^7 
.813GS3 
.8138D9 
.6H176 

.815380 


i;»4Kt 

.nsiT 


COSINES,  TANGENTS,  AND  COTANGENTS.       145» 


Sine. 


9.747562 
.747740 
.747986 
.748128 
.918810 
.748497 
.748688 
.748870 
.741066 
.741248 
.749129 

9.749615 
.749801 
.749987 
.750172 
.750858 
.750548 
.750729 
.750914 
.751099 
.751284 

9.751469 
.751654 
.751889 
.752028 
.752206 
.752892 
.752576 
.752760 
.752944 
.758128 

0.753312 
.753495 
.753679 
.758862 
.754046 
.754229 
.754412 
.754595 
.754rr8 
.754960 

9.755143 
.755326 
.755508 
.765690 
.755872 
.756054 
.756236 
.766418 
.756600 
.756782 

9.756963 
.757144 
.757326 
.757507 
.757688 
.757869 
.768050 
.758230 
.758411 
.758591 

kMsiue. 


D.r 


8.12 
8.12 
8.12 
8.12 
8.12 
8.10 
8.12 
8.10 
8.12 
8.10 
8.10 

8.10 
8.10 
8.06 
8.10 
8.06 
8.10 
8.06 
8.06 
3.06 
3.06 

8.08 
8.06 
8.07 
8.06 
8.07 
8.07 
8.07 
3.07 
8.07 
3.07 

3.05 
3.07 
3.07 
8.07 
8.05 
3.05 
3.05 
8.05 
3.03 
3.05 

3.05 
3.03 
3.03 
8.03 
3.03 
3.03 
3.03 
3.03 
3.03 
3.02 

3.02 
3  03 
02 
02 
02 
3.02 
3.00 
3.02 
3.00 

D.r. 


Cosine. 


9.918574 
.918489 
.918104 
.918318 
.918283 
.918147 
.918062 
.917976 
.917891 
.917805 

.oimo 

0.017884 
.017548 
.017462 
.017376 
.017290 
.917204 
.9ini8 
.917082 
.916946 
.916859 

0.016778 
.016687 
.916600 
.916514 
.916427 
.916341 
.916254 
.916167 
.916061 
.915994 

9.915907 
.915820 
.915733 
.915646 
.915559 
.915472 
.915385 
.915297 
.915210 
.915123 

9.915035 
.914948 
.914860 
.914773 
.914685 
.914598 
.914510 
.914422 
.9143^1 
.914246 

9.914158 
.914070 
.913982 
.913894 
.913806 
.913718 
.913630 
913541 
.913453 

9.913365 

Sine. 


D.r. 


.42 
.42 
.43 
.42 
.43 
.42 
.43 
.42 
.43 
.48 
.42 

.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.46 
.43 

.43 
.45 
.43 
.45 
.43 
.45 
.45 
.43 
.45 
.45 

.45 
.45 
.45 
.45 
.45 
.45 
.47 
.45 
.45 
.47 

.45 

.47 
.45 
.47 
.45 
.47 
.47 
.47 
.47 
.47 

.47 
.47 
.47 
.47 
.47 
.47 
.48 
.47 
.47 


D.r. 


Taag. 


0.828987 
.829260 
.889532 
.829805 
.830077 
.830349 
.830621 
.880693 
.881165 
.831437 
.831709 

0.881081 
.832253 
.832525 
.832796 
.883068 
.833339 
.883611 
.833882 
.834154 
.834125 

9.884696 
.834967 
.835238 
.835509 
.835780 
.836051 
.836322 
.836593 
.836864 
.837134 

0.887405 
.837675 
.837046 
.838216 
.888187 
.838757 
.839027 
.839297 
.839568 
.839838 

9.840106 
.840378 
.840648 
.U0917 
.841187 
.841457 
.841727 
.841996 
.812266 
.842535 

9.842805 
.843074 
.843343 
.843612 
.843882 
.844151 
.844420 
.844689 
.844958 

9.845227 

Cotang. 


D.  r.  I  Cotang. 


4.56 
4.58 
4.55 
4.58 
4.53 
4.58 
4.58 
4.53 
4.53 
4.53 
4.53 

4.58 
4.63 
4.52 
4.63 
4.62 
4.58 
4.62 
4.63 
4.62 
4.52 

4.62 
4.52 
4.62 
4.52 
4.62 
4.52 
4.52 
4.62 
4.50 
4.52 

4.50 
4.52 
4.50 
4.52 
4.50 
4.50 
4.50 
4.62 
4.50 
4.50 

4.50 
4.50 
4.48 
4.50 
4.50 
4.50 
4.48 
4.50 
4.48 
4.50 

4.48 
4.48 
4.48 
4.50 
4.48 
4.48 
4.48 
4.48 
4.48 

dTtT 


10.171018 

60 

.170740 

60 

.170468 

58 

.170195 

67 

.169928 

66 

.169651 

66 

.169079 

64 

.169107 

68 

.168835 

62 

.168563 

61 

.168291 

50 

10.168019 

49 

.167747 

48 

.167475 

47 

.167204 

46 

.166982 

46 

.166661 

44 

.166889 

48 

.166118 

42 

.166846 

41 

.166575 

40 

10.166804 

80 

.165083 

88 

.164762 

87 

.164491 

86 

.164220 

86 

.163949 

34 

.168678 

88 

.168407 

82 

.168186 

81 

.162866 

80 

10.162596 

20 

.162325 

28 

.162054 

27 

.161784 

26 

.161513 

26 

.161243 

24 

.160073 

28 

.160708 

22 

.160132 

21 

.160162 

20 

10.159892 

10 

.169622 

18 

.169352 

17 

.169083 

16 

.158818 

16 

.168548 

14 

.158278 

18 

.158004 

12 

.157734 

11 

.167466 

10 

10.167195 

0 

166926 

8 

.166657 

7 

.156388 

6 

.156118 

6 

.165849 

4 

.165680 

8 

.166811 

2 

.156042 

1 

10.164778 

0 

Taa%. 


\ 


7Sa 


Z6* 


TABLE  XVIII.  -LOGARITHMIC  SINES. 


14*^ 


Sine. 


D.V. 


0 
1 
2 
3 

6 
6 
7 
6 
9 
10 

11 
V4 
13 
14 
15 
16 
17 
18 
10 
90 

SI 
83 
83 
84 
86 
^ 
87 
88 
89 
80 

81 
38 
88 
84 
86 
36 
87 
88 
89 
40 

41 
48 
48 
44 
45 
46 
47 
48 
49 
60 

61 
62 
53 
M 
55 
66 
67 
68 
69 
60 


9.758691 
.758772 
.756052 
.759132 
.759812 
.759492 
.7^9672 
.759852 
.760031 
.760211 
.760390 

9.760569 
.760748 
.760927 
.761106 
.761285 
.761464 
.761642 
.761821 
.761999 
.762177 

9.768356 
.768534 
.768712 
.768889 
.763067 
.763845 
.763422 
.763600 
.763777 
.763954 

9.764131 
.764308 
.764485 
.7^662 
.764838 
.765015 
.765191 
.766367 
.766544 
.765720 

9.765896 
.766072 
.766847 
.766423 
.766598 
.766774 
.766949 
.767124 
.767300 
.767475 

9.767649 
.767824 
.767999 
.768173 
.768348 
.768522 
.768697 
.768871 
.769045 

9.769219 


3.02 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
2.98 
3.00 
.98 
.9v) 


2. 
2. 


2.98- 

2.98 

2.98 

2.98 

2.98 

2.97 

2.98 

2.97 

2.97 

2.98 

2.97 
2.97 
2.95 
2.97 
2.97 
2.95 
2.97 
2.95 
2.95 
2.95 

2.95 
2.95 
2.95 
2.93 
2.95 
2.93 
2.93 
2.95 
2.93 
2.93 

2.93 
2.92 
2.93 
2.92 
2.93 
2.92 
2.92 
2.93 
2.92 
2.90 

2.92 
2.92 
2.90 
2.92 
2.90 
2.92 
2.90 
2.90 
2.90 


Cosine. 


D.  1'. 


Tang. 


9.913365 
.913276 
.913187 
.913009 
.913010 
.912922 
.912833 
.912744 
.912655 
.912566 
.912477 

9.912388 
.912299 
.912210 
.912121 
.912031 
.911942 
.911853 
.911763 
.911674 
.911684 

9.911495 
.911405 
.911315 
.911226 
.911136 
.911046 
.910956 
.910666 
.910776 
.910686 

9.910596 
.910506 
.910415 
.910325 
.910235 
.910144 
.910054 
.909963 
.909873 
.909782 

9.909091 
.909601 
.909510 
.909419 
.909328 
.909237 
.909146 
.909055 
.908964 
.908873 

9.908781 
.906690 
.906599 
.908507 
.908416 
.906324 
.908233 
.906141 
.908049 

9.907958 


1.48 
1.48 
1.47 
1.48 
1.47 
1.48 
1.48 
1.48 
1.48 
1.48 
1.48 

1.43 
1.48 
1.48 
1.50 


.48 
.48 
50 
,48 
50 
,48 

50 
,50 
48 
50 
50 
50 
50 
,50 
,50 
50 

1.50 
1.52 
1.50 
1.50 
1.52 
1.50 
1.52 
1.50 
1.52 
1.62 

1.50 
1.52 
1.52 
1.52 
1.52 
1.52 
1.62 
1.52 
1.52 
1.63 

1.62 
1.52 
1.53 
1.62 
1.53 
1.52 
1.53 
1.53 
1.52 


9.81.'>227 
.815496 
.845764 
.816033 
.846302 
.846570 
.846839 
.847108 
.847376 
.847644 
.847913 

9.848181 
.818449 
.848717 
.848086 
.849254 
.849522 
.849790 
.850057 
.850325 
.850593 

9.850861 
.851129 
.851396 
.851664 
.851931 
.852199 
.852466 
.858733 
.853001 
.853268 

9.853535 
.853802 
.8^069 
.854336 
.854603 
.854870 
.855137 
.855404 
.855671 
.855988 

9.856204 
.856471 
.856737 
.857004 
.85?K"0 
.857537 
.857803 
.858069 
.858336 
.858602 

9.858868 
.859134 
.859400 
.859666 
.869932 
.860198 
.860464 
.860730 
.860995 

9.861261 


D.V, 


CoUuig. 


4.48 
4.47 
4.48 
4.48 
4.47 
4.48 
4.48 
4.47 
4.47 
4.48 
4.47 


4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 


.47 
.47 
.48 
.47 
.47 
.47 
.45 
.47 
4.47 
4.47 

4.47 
4.45 
4.47 
4.45 
4.47 
4.45 
4.45 
4.47 
4.45 
4.45 

4.45 
4.45 
4.45 
4.45 
4.45 
4.45 
4.45 
4.45 
4.45 
4.43 

4.45 
4.43 
4.45 
4.43 
4.45 
4.43 
4.43 
4.45 
4.43 
4.43 

4.43 
4.43 
4.43 
4.43 
4.43 
4.43 
4.43 
4.48 
4.43 


10.1547«9 
.154204 
.151886 
.153967 
.159096 
.153430 
.15S161 
.158802 
AoOBU 
.158S56 
.159067 

10.151819 
.151551 
.151883 
.161014 
.150746 
AGM7S 
.150810 
.140043 
.140675 
.141M07 

10.140180 
.1488n 
.148604 
.148886 
.148000 
.147801 
.1475U 
.147967 
.146090 
.146738 

10.146466 
.146196 
.145081 
.145664 
.146397 
.145190 
.144863 
.144506 
.144820 
.144063 

10.143796 
.143629 
.143363 
.142096 
.148730 
.14U68 
.14S19T 
.141981 
.1416M 
.141806 

10.141188 
.140866 
.140600 
.140881 
.140068 
.180608 
.130580 
.18087D 
.180006 

10 


^  /  Cosine.  I  D.  V.  ii     Sine.    |  D.  1'.  il  Cotang.  |  D.  1'.  j     Tao^.    I 


Jjg^* 


754 


COSINES,  tANGENTS,  AND  COTANGENTS.,      US- 


Sine. 


9.780210 

.7G0666 
.780740 
.760913 
.770087 
.TTQgfiO 

.770606 
.770779 
.770052 

9.771185 
.771298 
.771470 
.771648 
.771815 
.771987 
.772159 
.772831 
.772508 
.773675 

9.772847 
.773018 
.778190 
.773861 
.773683 
.773704 
.773876 
.774M6 
.774217 
.774888 

J.774558 

.774729 

.774899 

.775070 

.775240 

.775410 

775580 

775750 

775020 

776090 

?76259 

76429 

76598 

76768 

76937 

mo6 

7275 

7444 
7613 
7781 

1)50 
'•119 
287 
455 

m 

60 
88 
35 
» 


D.  r. 


8.90 
2.88 
2.90 
2.88 
2.90 
2.88 
2.88 
2.88 
2.88 
2.88 
2.88 

2.88 
2.87 
2.88 
2.87 
2.87 
2.87 
2.87 
2.87 
2.87 
2.87 

8.85 
2.87 
2.86 
8.87 
8.85 
8.85 
8.86 
8.86 
8.85 
8.83 

8.85 
8.83 
2.86 
2.83 
8.83 
8.83 
8.83 
2.83 
2.83 
2.82 

2.83 
2.88 
2.83 
2.88 
8.88 
8.88 
2.82 
2.82 
2.80 
2.82 

2.82 
2.80 
2.80 
2.82 
2.80 
2.80 
2.80 
2.78 
2.80 


Cofiine. 


9.007958 
.00780(3 
.007774 
.007682 
.907590 
.007498 
.907406 
.907314 
.907^222 
.007129 
.007037 

0.00G045 
.006852 
.006760 
.006607 
.006573 
.00&182 
.006889 
.006296 
.006204 
.006111 

9.006018 
.005025 
.005832 
.006730 
.006<>45 
.005552 
.OOS^O 
.005306 
.905272 
.905179 

9.905085 
.904992 
.904898 
.904801 
.904711 
.901617 
.904523 
.004429 
.904835 
.004241 

9.904147 
.904053 
.903059 
.003864 
.003770 
.003676 
.003581 
.003487 
.003302 
.008298 

0.908203 
.903108 
.9080H 
.902019 
.902824 
.902729 
.902634 
.902539 
.902444 

0.002ai9 


D.  1'.  1)  Sine. 


D.  r. 


1.63 


53 
^3 
53 
53 
53 
,53 
,53 
,56 
,53 


1.53 

1.65 
1.53 
1.55 
1.53 
1.55 
1.55 
1.65 
1.53 
1.65 
1.65 

1.56 
1.55 
1.55 
1.57 
1.55 
1.55 
1.55 
1.57 
1.55 
1.67 

1.65 
1.57 
1.57 
1.55 
1.57 
1.57 
1.57 
1.57 
1.57 
1.67 

1.67 
1.57 
1.58 
1.57 
1.57 
1.58 
1.57 
1.58 
1.57 
1.58 

1.58 
1.57 
1.68 
1.58 
1.58 
1.58 
1.58 
1.58 
1.58 


Tang. 


D.  1'. 


9.861961 
.861527 
.861792 
.862058 
.862823 
.862589 
.862854 
.868119 
.8633K5 
.868650 
.863015 

9.864180 
.864445 
.864710 
.864975 
.865240 
.865605 
.866770 
.866035 
.866800 
.866664 

0.866680 
.867094 
.867858 
.867623 
.867887 
.868152 
.868416 
.868680 
.868045 
.860200 

0.869478 
.869737 
^ 870001 
.870865 
.870520 
.870793 
.871057 
.871821 
.871585 
.871849 

9.872118 
.872376 
.872640 
.872903 
.873167 
.87W30 
.873694 
.873057 
.874220 
.874484 

9.874747 
.875010 
.875273 
.875537 
.875800 
.876063 
.876326 
.876680 
.876852 

0.877114 


D.  r. 


4.48 
4.42 

4.48 


42 
48 
42 
42 
43 
42 
4.42 
4.42 


4. 
4. 
4. 
4. 
4. 
4. 
4. 


.42 
.42 
.42 
.42 
.42 
.42 
.42 
4.42 
4.40 
4.42 

4.42 
4.40 
4.42 
4.40 
4.42 
4.40 
4.40 
4.42 
4.40 
4.40 

4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.88 

4.40 
4.40 
4.88 
4.40 
4.88 
4.40 
4.88 
4.88 
4.40 
4.88 

4.88 
4.88 
4.40 
4.88 
4.88 
4.88 
4.88 
4.88 
4.87 


Ck>tang.  I  D,l\ 


Cotang. 


10.138730 
.138473 
.188008 
.137942 
.187677 
.137411 
.187146 
.136881 
.186615 
.136850 
.186065 


60 
60 
68 
67 
66 
66 
54 
53 
62 
61 
60 


10.185620  40 

.135555  48 

.185200  47 

.135025  46 

.134760  46 

.181495  44 

.134230  48 

.188965  42 

.133700  41 

.183436  40 

10.188171  89 
.132006  88 
.132642 
.182877 
.182113 
.131848 
.131584 
.131820 
.131055 
.180701 


10.130627 
.180263 
.120000 
.129735 
.129471 
.129207 
.128943 
.128679 
.128415 
.128151 

10.127888 
.127624 
.127860 
.127097 
.126833 
.126670 
.126806 
.126043 
.125780 
.126616 

10.125253 
.124990 
.124727 
.124463 
.124200 
.128937 
.129674 
.128411 
.123148 

10.122886 


87 
86 
86 
84 
88 
82 
81 
80 

29 
28 
27 
26 
25 
24 
28 
22 
21 
20 

19 
18 
17 
16 
15 
14 
18 
12 
11 
10 

9 
8 
7 
6 
5 
4 
8 
2 
1 
0 


7F>5 


37' 


'aABLE  XVIII.— LOGARITHMiC  SINES. 


L 


0 
1 
8 
8 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 

ao 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
60 

51 
52 
53 
54 
55 
56 
57 
58 
59 
CO 


Sine. 


9.77M6? 
.779631 
.779798 
.779966 
.780133 
.780300 
.780467 
.780634 
.780801 
.780968 
.781134 

9.781301 
.781468 
.781634 
.781800 
.781966 
.782132 
.782298 
.782464 
.782630 
.782796 

9.782961 
.78M27 
.783292 
.783458 
.783623 
.783788 
.783953 
.784118 
.784282 
.784447 

9.784612 
.784776 
.784941 
.785105 
.785269 
.785433 
.785597 
.785761 
.785925 
.786089 

9.786252 
.786416 
.786579 
.786742 
.786906 
.787069 
.787232 
.787395 
.787557 
.787720 

9.787883 
.788045 
.788208 
.788370 
.788532 
.788694 

.789018 

.789180 

9.789342 


'  /  CoflJne. 


D.l'. 


2.80 

2.78 
2.80 
2.78 
2.78 
2.78 
.78 
.78 
.78 
.77 
.78 


2. 
2. 
2. 
2. 
2. 


2.78 
2.77 
2.77 
2.77 
2.77 
2.77 
2.77 
2.77 
2.77 
2.75 

2.77 
2.75 
2.77 
2.75 
2.75 
2.75 
2.75 
2.73 
2.75 
2.75 

2.73 
2.75 
2.73 
2.73 
2.73 
2.73 
2.73 
2.73 
2.73 
2.72 

2.73 
2.72 
2.78 
2.73 
2.72 
2.73 
2.72 
2.70 
2.72 
2.72 


70 
.72 
2.70 
2.70 
.70- 
.70 
.70 
2.70 
2.70 


2. 
2. 


2. 
2. 
2. 


D.V. 


Ck>siiie. 


9.902349 
.902253 
.902158 
.902063 
.901967 
.901872 
.901776 
.901681 
.901585 
.901490 
.901394 

9.901298 
.901202 
.901106 
.901010 
.900914 
.900818 
.900722 
.900626 
.900529 
.900433 

9.900337 
.900240 
.900144 
.900047 
.899951 
.899854 
.899757 
.899660 
.899564 
.899467 

9.899370 
.899273 
.899176 
.899078 
.898981 
.898884 
.898787 
.898689 
.898592 
.898494 

9.898397 
.898299 
.898202 
.898104 
.898006 
.897908 
.897810 
.897n2 
.897614 
.897516 

9.897418 
.897320 
.897222 
.897123 
.897025 
.896926 
.896828 
.896729 
.890631 

9.896532 


D.  r. 


Tang. 


1.60 
1.58 
1.58 
1.60 
1.58 
1.60 
1.58 
1.60 
1.58 
1.60 
1.60 

1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.62 
1.60 
1.60 

1.62 
1.60 
1.62 
1.60 
1.62 
1.62 
1.62 
1.60 
1.62 
1.62 

1.62 
1.62 
1.63 
1.62 


1 

1, 

1, 

1 

1 


62 
62 
63 
62 
63 


1.62 

1.63 
1.62 
1.63 


1 

1. 

1 

1 

1, 

1 

1 


63 
63 
63 
63 
63 
63 
63 


1.63 
1.63 
1.65 


1 
1 
1 
1 
1 
1 


63 
65 
63 
66 
63 
65 


I  Sino.  \  D.V. 


9.87ni4 
.877377 
.877640 
.877903 
.878165 
.878428 
.878691 
.878953 
.879216 
.879478 
.879741 

9.880003 
.880265 
.880528 
.880790 
.881052 
.881314 
.881577 
.881839 
.882101 
.882363 

9.882625 
.882887 
.883148 
.883410 
.883672 
.883934 
.884196 
.884457 
.884719 
.884980 

9.885242 

.885504 
.885765 
.886026 
.886288 
.886549 
.886811 
.8870ra 
.887333 
.887594 

9.887855 
.888116 
.888378 
.888639 
.888900 
.889161 
.889421 
.8696)82 
.889943 
.890204 

9.89(M65 
.890725 
.890986 
.891247 
.891507 
.891768 
.892028 
.892289 
.892549 

9.892810 

A  Gotang. 


D.r. 


4.88 
4.38 
4.88 
4.S7 
4.38 
4.38 
4.87 
4.38 
4.87 
4.38 
4.37 

4.87 
4.38 
4.37 
4.37 
4.87 
4.38 
4.87 
4.87 
4.87 
4.87 

4.87 
4.36 
4.87 
4.87 
4.87 
4.87 
4.85 
4.87 
4.85 
4.87 


4 
4 
4 
4 
4 
4 
4 
4 
4 


37 
.85 
85 
87 
35 
87 
85 
35 
35 


4.85 

4.85 
4.87 
4.85 
4.85 
4.85 
4.33 
4.35 
4.35 
4.35 
4.35 


Ootaog: 


33 
35 
35 
83 
35 
83 
4.85 
4.83 
4.86 


10.122866 


D.  1' 


.122960 
.122007 
.121885 
.121672 
.121809 
.121047 
.120;St 
.120628 
.120260 

10.119997 
.119^6 
.ll»i72 
.119210 
.118948 
.118686 
.118423 
.1181C1 
.117899 
.117887 

10.117375 
.117113 
.116852 
.116600 
.116328 
.116066 
.116804 
.116643 
.116281 
.116020 

10.114758 
.114496 
.114235 
.118974 
.113712 
.113451 
.118189 
.112928 
.112667 
.112106 

10.112145 
.111884 
.111622 
.111861 
.111100 
.110689 
.110679 
.110818 
.110067 
.109796 

10.109536 
.109275 
.100014 
.109;^ 

.losiaa 

.106238 
.107972 

.lomi 

.107461 
10.107190 

Tans. 


756 


COSINES,  TANGENTS,  AND  COTANGENTS.       141* 


Sine. 


9.789342 

.789504 
.789665 
.789827 
.789988 
.790149 
.790310 
.790471 
.790632 
.790793 
.790954 


9 


791115 
.791275 
.791436 
.791596 
.791757 
.791917 
.792077 
.792237 
.792397 
.792557 

9.792716 
.792876 
.793035 
.793195 
.798354 
.793514 
.793673 
.793832 
.7a3991 
.794150 

9.794308 
.794467 
.794626 
.794784 
.794942 
.795101 
.795259 
.795417 
.795575 
.795733 

9.795891 
,796049 
.796206 
.796364 
.796521 
.796679 
.796836 
.796993 
.797150 
.797307 

9.797464 
.797621 
.797777 
.7979*4 
.798091 
.798247 
.798403 
.798500 
.798716 

9.798878 


D.r. 


2.70 
2.68 
2.70 
2.68 
2.68 
2.68 
2.68 
2.68 
2.68 
2.68 
2.68 

2.67 
2.68 
2.67 
2.68 
2.67 
2.67 
2.67 
2.67 
2.67 
2.65 

2.67 
2.65 
2.67 
.65 
.67 
.65 
.66 
.65 
2.65 
2.63 


2. 
2. 
2. 
2. 
2. 


65 
65 


2.63 


.63 
.65 
.63 
.63 
2.63 
2.63 
2.63 


2. 
2. 
2. 
2. 


2.63 
2.62 
2.63 
2.62 
2.63 
2.62 
2.62 
2.62 
2.62 
2.62 

2.62 

2.60 
2.62 
2.62 
2.60 
2.60 
2.62 
2.60 
2.60 


Cosine.  I  D.  1' 


Cosine. 


9.896532 
.896433 
.896335 
.896236 
.896137 
.896038 
.895939 
.895840 
.895741 
.895641 
.895542 

9.89&443 
.895343 
.895244 
.895145 
.895045 
.894945 
.894846 
.894746 
.894646 
.894546 

9.894446 
.894346 
.894246 
.894146 
.894046 
.893946 
.893846 
.893745 
.893645 
.893544 

9.893444 
.893*43 
.893243 
.893142 
.893041 
.892940 
.892839 
.892739 
.8926;« 
.892536 

9.892435 
.892334 
.892233 
.892132 
.892030 
.891929 
.891827 
.'891726 
.891624 
.891523 

9.891421 
.891319 
.891217 
.891115 
.891013 
.890911 
.890809 
.890707 
.890605 

9.890503 

Sine. 


D.r. 


1.65 
1.63 
1.66 
1.65 
1.66 
1.65 
1.65 
1.65 
1.67 
1.65 
1.65 

1.67 
1.65 
1.65 
1.67 
1.67 
1.66 
1.67 
1.67 
1.67 
1.67 

1.67 


67 
67 
67 
67 
67 
1.68 
1.67 
1.68. 
1.67 

1.68 
1.67 
1.68 
1.68 
l.t>8 
1.68 
1.67 
1.68 
1.70 
1.68 

1.68 
1.68 
1.68 
1.70 
1.68 
1.70 
1.68 
1.70 
1.68 
1.70 

1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 


Tang. 


9.892810 
.893070 
.893331 
.898591 
.898851 
.894111 
.894372 
.894632 
.894892 
.895152 
.895412 

9.895672 
.895932 
.896192 
.896452 
.896712 
.896971 
.897231 
.897491 
.897751 
.898010 

9.898270 
.896530 
.898789 
.899049 
.899308 
.899568 
.899827 
.900087 
.900346 
.900605 

9.900864 
.901124 
.901383 
.901642 
.901901 
.902160 
.902420 
.902679 
.902938 
.903197 

9.903456 
.903714 
.903973 
.904232 
.904491 
.904750 
.905008 
.905267 
.905526 
.905785 

9.906043 
.906302 
.906560 
.906819 
.907077 
.907336 
.907594 
.907853 
.908111 

9.906869 


D.r. 


D.  1'.  i;  Cotang.  i  B.V. 


4.83 
4.86 
4.83 
4.33 
4.83 
4.85 
4.33 
4.88 
4.83 
4.83 
4.23 

4.83 
4.83 
4.83 
4.83 
4.82 
4.83 
4.83 
4.83 
4.32 
4.83 

4.83 
4.32 
4.33 
4.32 
4.33 
4.82 
4.83 
4.82 
4.32 
4.32 

4.83 
4.82 
4.82 
4.32 
4.32 
4.33 
4.32 
4.32 
4.82 
4.32 

4.80 
4.32 
4.32 
4.32 
4.32 
4.80 
4.32 
4.32 
4.32 
4.80 


4 
4 
4. 
4, 
4. 
4. 
4. 
4. 
4. 


82 
30 
32 
30 
82 
80 
82 
30 
80 


Cotang. 


10.107190 
.106930 
.106669 
.106409 
.106149 
.105889 
.105628 
.106368 
.105108 
.104848 
.104588 

10.104328 
.104068 
.103808 
.103548 
.103288 
.103029 
.102769 
.102509 
.102249 
.101990 

10.101730 
.101470 
.101211 
.100951 
.100692 
.100432 
.10017;^ 
.099913 
.0996M 
.099395 

10.099136 
.098876 
.098617 
.098358 
.096099 
.097840 
.097580 
.097321 
.097062 
.096803 

10.096544 
.096280 
.096027 
.095768 
.095509 
.095250 
.094992 
.094r33 
.094474 
.094215 

10.093957 
.093698 
.093440 
.093181 
.092923 
.092664 
.092406 
•  .092147 
.091889 

10.091681 


60 
69 
68 
57 
56 
55 
64 
63 
52 
51 
60 

49 
48 
47 
46 
46 
44 
43 
42 
41 
40 

39 
38 
37 
36 
35 
34 
33 
32 
31 
30 

29 
2S 
27 
26 
25 
24 
23 
22 
21 
20 

19 
18 
17 
16 
16 
14 
13 
12 
11 
10 

9 

8 

I 

6 
6 
4 
8 
2 
1 
0 


757 


89* 


TABLE  XVrn.— LOGARITHMIC  SINEa 


lUi 


Bine. 


/ 


0 

1 

2 
3 
4 

5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 

ao 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

81 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 

43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


9.798872 
.799028 
.799184 
.799339 
.799495 
.799651 
.799806 
.799962 
.800117 
.800272 
.800427 

9.800582 
.800737 
.800892 
.801047 
.801201 
.801356 
.801511 
.801665 
.801819 
.801973 

9.802128 
.802282 
.802436 
.802589 
.802743 
.802^ 
.808050 
.803204 
.808357 
.808511 

9.803664 
.808817 
.803970 
.804123 
.804276 
.804428 
.804581 
.804734 
.804886 
.806039 

9.805191 
.806*43 
.805495 
.805647 
.805799 
.805951 
.806103 
.806254 
.806406 
.806557 

9.806709 
.oOuouO 
.807011 
.80716:^ 
.807314 
.807465 
.897615 
,807766 
.807917 

9.8080G7 


D.r. 


2. 
2. 
2. 
2. 


2.60 
2.60 
.58 
.60 
.60 
.68 
2.60 

2;68 

2.68 
2.68 
2.58 

2.68 
2.58 
2.68 
2.67 
2.68 
2.68 
2.57 
2.57 
2.57 
2.58 


67 
57 
65 
57 
2.57 
2.65 
57 
55 
f.7 
65 


55 
55 
55 
55 
55 
55 
55 
53 
55 
53 


2.53 
2.53 
2.53 
2.53 
53 
53 
52 
53 
2.52 
2«93 

2.52 
2.52 


2 
2 
2 
2 
2 
2 
2. 


53 
52 
52 
50 
52 
52 
60 


CoBiiie. 


9.890603 
.890400 
.890298 
.890195 
.890093 
.880990 

.OOW3UO 

.889785 
.889682 
.889579 
.889477 

9.889674 
.889271 
.889168 
.889064 
.888961 

.888765 
.888661 
.888548 
.888444 

9.888341 
.888237 
.888134 
.888030 
.887926 
.887822 
.887718 
.887614 
.887510 
.887406 

9.887302 
.887198 
.887093 
.886989 
,886885 
.886780 
.886676 
.886571 
.886466 
.886362 

9.886257 
.886152 
.886047 
.885942 
.885837 
.885732 
.885627 
.888522 
.885416 
.885311 

9.885205 
.885100 
.884094 
.884889 
.884783 
.884677 
.884572 
.884466 
.884360 

9.884254 


D.1-. 


Tang. 


1.72 
1.70 
1.72 
1.70 
1.72 
1.70 
1.72 
1.72 
1.72 
1.70 
1.72 

1.72 
1.72 
1.73 
1.72 
1.72 
1.72 
1.73 
1.79 
1.73 
1.72 

1.7S 
1.72 
1.73 
1.73 
1.73 
1.73 
1.73 
1.73 
1.73 
1.73 

1.73 
1.75 
1.73 
1.73 


1. 
1. 
1, 
1, 
1. 
1. 


75 
73 
75 
75 
73 
75 


1.75 
1.75 
1.75 


1. 
1. 
1. 
1. 


.75 
75 
75 
75 
1.77 
1.75 
1.77 

1.75 
1.77 
1.75 
1.77 
1.77 
1.76 
1.77 
1.77 
1.77 


'  I  Cosine.  I  D.  1*.  1 1     Bine.    \  D.V 


9.908369 
.906628 
.906886 
.900144 
.909402 

.iIUWjIjU 

.609918 
.910177 
.010435 
.010693 
.910961 

9.911S09 
.911467 
.911785 
.911982 
.918240 
.012498 
.912756 
.913014 
.913271 
.913629 

9.913787 
.914044 
.914302 
.914560 
.914817 
.915075 
.915332 
.915590 
.915847 
.916104 

9.916363 
.916619 
.916877 
.917134 
.917391 
.917648 
.917906 
.918163 
.918420 
.918677 

9.918984 
.919191 
.919448 
.919705 
.919962 
.920219 
.920476 
.920733 
.920990 
.921247 

9.921503 
.921760 
.922017 
.922274 
.922580 
.922787 
.928044 
.928900 
.923657 

9.923814 


D.  r. 


Ck>tetig. 


;  Cotang. 


4.82 
4.80 
4.80 
4.80 
4.80 
4.80 
4.82 
4.80 
4.80 
4.80 
4.80 

4.80 
4.80 
4.88 
4.80 
4.80 
4.80 
4.80 
4.28 
4.80 
4.80 

4.98 
4.80 
4.80 
4.88 
4.80 
4.88 
4.80 
4.38 
4.38 
4.80 

4.28 
4.80 
4.38 
4.38 
4.38 
4.80 
4.38 
4.38 
4.38 
4.38 

4.98 
4.38 
4.38 
4.38 


4, 
4. 
4. 
4. 
4, 
4. 


88 

38 
38 
38 
38 
37 

4.98 
4.38 
4.88 
4.37 
4.38 
4.38 
4.87 
4.38 
4.38 


D.  r. 


10.001681  I  60 
.0013»  SO 
.001114  W 
.000856  87 
.000606  M 
.000640  ft 
.090062  M 
.060638  S8 
.060666  ,  tt 
.060607  !  n 
.060049    00 

10.068791  4» 

.066588  « 

.068875  e 

.066016  m 

.067760  45 

.067603  44 

..067944  4S 

.066966  41 

.066739  41 

.066471  4» 

10.066318    m 

.068056  :  m 

.066606  87 
.066440  m 
.066183  ,  S 
.064935  ■  84 
.064666 
.064410 
.064158  81 
.068896    80 

10.068636  I  a 

.068381  9B 

.068128  87 

.068666  II 

.062600  » 

.088853  M 

.06aOM  II 

.061637  SI 

.061580  81 

.061828  II 

10.081066  If 
.080800  ;  II 
.080668  I  IT 
.060395  :  II 
.080086  I  11 
.OTVmi  I  14 
.07VBU  ■  II 
.07ya67  II 
.070010  11 
.079^     10 

10.078^7  '   f 


I 


.078»10 
.077W3 
.077736 
.077470 
.077818 
.076066 
.076700 
.076418 
10.076161 


T^uig. 


8 

T 
I 
0 
4 
S 
I 
1 
9 


"/>« 


CX)SINES,  TANGENTS,  AND  CX)TANGENTa        189* 


Sine. 


9.806067 
.806218 
.806368 
.806519 
.806669 
.806819 
.808960 
.80Sai9 
.809269 
.809419 
.809569 

9.809718 
.809668 
.810017 
.810167 
.810316 
.810465 
.810614 
.810763 
.810912 
.811061 

9.811210 
.811358 
.811507 
.811655 
.811804 
.811952 
.812100 
.812248 
.812396 
.812544 

9.812692 
.812840 
.812988 
.813135 
.813283 
.813430 
.813678 
.813725 
.813872 
.814019 

9.814166 
.814313 
.814460 
.814607 
.814753 
.814900 
.815046 
.815193 
.8153.39 
.815485 

9.815632 
.815778 
.81.5924 
.816069 
.816215 
.816361 
.816507 
.8166.52 
.816798 

9.816943 


D.r. 


Cosine.     D.  1'. 


2.62 
2.50 
2.52 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.48 

2.50 
2.48 
2.50 
2.48 
2.48 
2.48 
2.48 
2.48 
2.48 
2.48 

2.47 
2.48 
2.47 
2.48 
2.47 
2.47 
2.47 
2.47 
2.47 
2.47 

2.47 
2.47 
2.45 
2.47 
2.45 
2.47 
2.45 
2.45 
2.45 
2.45 

2.45 
2.45 
2.45 
2.43 
2.45 
2.43 
2.45 
2.43 
2.43 
2.45 

2.43 
2.43 
2.42 
2.43 
2.43 
2.43 
2.42 
2.43 
2.42 


Cosine. 


9.884264 
.884148 
.884042 
.883936 
.883829 
.883728 
.883617 
.883510 
.883404 
.883297 
.883191 

9.883064 
.882977 
.882871 
.882764 
.882657 
.882560 
.882443 
.882336 
.882229 
.882121 

9.882014 
.881907 
.881799 
.881692 
.881584 
.881477 
.881369 
.881261 
.881153 
.881046 

9.880938 
.880630 
.880722 
.880613 
.880505 
.880397 
.880289 
.880180 
.880072 
.879963 

9.879855 
.879746 
.879637 
.879529 
.879420 
.879311 
.879202 
.879093 
.878984 
.8^'8875 

9.878766 
.878656 
.87&547 
.878438 
.878328 
.878210 
.878109 
.8?r999 
.877890 

9.877780 


D.r. 


.rr 

.77 
.77 
.78 
.77 
.77 
.78 
.77 
.78 
.77 
.78 

.78 
.77 
.78 
.78 
.78 
.78 
.78 
.78 
.80 
.78 

.78 
.80 
.78 
.80 
.78 
.80 
.80 
.80 
.78 
.80 

.80 
.80 
.82 
.80 
.80 
.80 
.82 
.80 
.82 
.80 

.82 
.82 
.80 
.82 
.82 
.82 
.82 
.82 
.82 
.82 

.83 

.82 
.82 
.83 
.82 
.83 
.83 
.82 
.83 


Tang. 


Sine.  I  D.  1'. 


9.908814 
.904070 
.924327 
.924683 
.924840 
.926006 
.925362 
.996609 
.926666 
.926182 
.926378 

9.926684 
.996690 
.997147 
.997408 
.997669 
.997916 
.996171 
.996497 
.998684 
.998940 

9.999196 
.929462 
.929706 
.929964 
.980220 
.930475 
.980781 
.980967 
.981943 
.981499 

9.981766 
.982010 
.982266 
.932622 
.982778 
.983033 
.988289 
.988645 
.988600 
.934066 

9.984811 
.934667 
.984822 
.985078 
.985383 
.935589 
.985844 
.936100 
.936855 
.986611 

0.936866 
.937121 
.937377 
.937632 
.937887 
.988142 
.938898 
.938653 
.988906 

9.939168 


D.r. 


Cotang.  I  D.  V 


4.97 
4.98 


,97 
.98 
,97 
,97 
.98 
97 
.98 
97 
.97 


4.97 
4.28 
4.97 
4.97 
4.97 
4.97 
4.97 
4.98 
4.97 
4.97 

4.97 
4.97 
4.97 
.97 
.96 
.27 
.27 
.27 
.97 
.97 


4. 
4. 
4. 
4. 
4. 
4. 
4. 

4.95 


97 
97 
97 
96 
27 
27 
4.26 
4.97 
4.26 


4.27 
4.26 
4.27 
4.26 
4.27 
4.96 
4.97 
4.96 
4.27 
4.25 

4.96 

4.97 
4.26 
4.96 
4.96 
4.97 
4.95 
4.95 
4.96 


Cotang. 


10.076186 
.075980 
.076678 
.075417 
.076160 
.074904 
.074648 
.074891 
.074185 
.078878 
.073622 

10.078866 
.073110 
.079853 
.079697 
.079841 
.072065 
.071829 
.071673 
.071816 
.071060 

10.070604 
.070548 
.070992 
.070086 
.069780 
.069625 
.069269 
.069013 
.068757 
.066601 

10.068246 
.067990 
.067784 
.067478 
.067222 
.066967 
.066711 
.066455 
.066200 
.066944 

10.066689 
.066433 
.066178 
.064922 
.064667 
.064411 
.064156 
.068900 
.068645 
.068889 

10.063134 
.062879 
.062623 
.062368 
.062113 
.061868 
.061602 
.061847 
.061092 

10.060687 


eo 

69 
68 
67 
66 
56 
54 
58 
62 
51 
60 

49 
48 
47 
46 
46 
44 
48 
49 
41 
40 

39 
88 
87 
86 
86 
84 
38 
39 
31 
80 

29 
28 
27 
26 
26 
24 
98 
22 
21 
20 

19 
18 
17 
116 
16 
14 
18 
19 
11 
10 

9 
8 
7 
6 
6 
4 
8 
9 
1 
0 


*I%»ilL.  \* 


IWX 


«•  TABLE  XVI  I.— I.0G-1RITHMIC  t 


„.,•. 


I; 


m^: 


CJOSINES,  TANGENTS,  AND  COTANGENTS.       187« 


^ne. 


9.886611 
.886651 
.886791 
.886081 
.880071 
.886811 
.886851 
.886401 
.886681 
.886770 
.826010 

0.887040 
.887189 
.887888 
.887467 
.887006 
.837745 
.887884 
.888088 
.88816S 
.888801 

0.888480 
.888578 
.828716 
.888866 
.888908 
.880181 
.889869 
.889407 
.889545 
.889683 

).889821 

.889959 

.880097 

.880834 

.880872 

880509 

880646 

880784 

880981 

381068 

»1196 

S1338 

81469 

31606 

51742 

USTO 

18015 

21S2 

8888 

3425 

«61 

«97 

888 

969 

105 

!41 

77 

12 

18 


D.r. 


2.88 
2.88 
2.88 
2.88 
2.88 
2.83 
2.83 
2.83 
2.88 
2.83 
2.82 

2.83 
2.88 
2.88 
2.88 
2.88 
2.82 
2.88 
2.82 
2.82 
2.30 

2.82 
2.30 
2.82 
2.80 
.30 
.30 
2.30 
2.30 
2.80 
2.30 

2.30 
2.80 
2.28 
2.80 
2.28 
2.28 
2.80 
2.% 
2.28 
2.28 

2.28 
2.28 
2.28 
2.27 
2.28 
2.27 
28 
27 
28 
27 


2. 
2. 


2.27 
2.27 
2.27 
2.27 
2.27 
2.27 
2.25 
2.27 
2.25 


Cosine. 


9.871073 
.870060 
.870846 
.870782 
.870618 
.870504 
.870890 
.870876 
.870161 
.870047 
.869983 

9.869818 
.869704 
.869589 
.869474 
.869860 
.869245 
.869180 
.869015 
.868900 
.868785 

9.868670 
.868555 
.868440 
.868824 
.868209 

867978 
.867862 
.867747 
.867631 

9.867515 
.867399 
.867283 
.867167 
.867051 
.866935 
.866819 
.866703 
.866586 
.866470 

9.866353 
.866237 
.866120 
.866004 
.865887 

..865770 
.865653 
.865536 
.865419 
.865302 

9.865185 
.865068 
.86495^ 
.86483h 
.864716 
.864598 
.804481 
.864363 
.864245 

9.864127 


D.r. 


1.88 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.92 
1.90 
1.90 
1.92 


90 
92 
92 


1.90 


1.92 
1.92 
1.92 
1.92 
1.92 
1.92 

1.92 


92 
93 
92 
98 
1.92 
1.93 
1.92 
1.93 
1.93 

1.93 
1.93 
1.93 
1.93 
1.93 
1.93 
1.93 
1.95 
1.93 
1.95 

1.93 


1, 
1 
1. 
1. 


.95 
.93 
.95 
.95 
1.95 
1.95 
1.95 
1.95 
1.95 

1.95 
1.97 
1.95 
1.95 
1.97 
1.95 
1.97 
1.97 
1.97 
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9.954487 
.954691 
.954946 
.955200 
.955454 
.055708 
.055061 
.056215 
.056469 
.956723 
.956977 

9.057231 
.057485 
.057739 
.957998 
.958247 
.958500 
.958754 
.959008 
.969262 
.969516 

9.959769 
.960028 
.960277 
.960530 
.960784 
.961038 
.961292 
.961545 
.961799 
.962052 

9.962806 
.962560 
.962813 
.963067 
.963820 
.963574 
.963828 
.964081 
.964335 
.964588 

9.964842* 
.965095 
.965349 
.965602 
.965855 
.966109 
.966362 
.966616 
.966869 
.967123 

9.067376 
.967629 
.967883 
.968136 
.968389 
.968643 
.968896 
.969148 
.969403 

9.969656 


D.r. 


4.28 
4.25 
4.28 
4.28 


4. 
4. 

4. 
4. 
4. 
4. 


28 
22 
23 
28 
23 
28 


4.23 

4.23 
4.23 


4 
4 

4 
4 
4 
4 
4 
4 


23 
23 
22 
28 
28 
23 
28 
22 


.28 
.28 
.22 
.23 
.23 
.23 
.22 
.23 
4.22 
4.23 


4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 


4.23 
4.22 
4.23 
4.22 
4.23 
4.23 
4.22 
4.23 
4.22 
4.23 

4.22 
4.23 
4.22 
4.22 
4.23 
4.22 
4.23 
4.22 
4.23 
4.22 

4.22 
4.23 
4.22 
4.22 
4.23 
4.22 
4.22 
4.28 
4.22 
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10.045668 
.045809 
.045054 
.044800 
.044546 
.044292 
.044069 
.043785 
.048531 
.048277 
.043023 

10.042760 
.042515 
.042261 
.042007 
.04175;^ 
.041500 
.041246 
.040002 
.040788 
.040484 

10.040831 
.089977 
.089723 
.089470 
.089216 
.038962 
.088708 
.038455 
.038201 
.057948 

10.037694 
.037440 
.087187 
.036933 
.036680 
.086426 
.086172 
.085919 
.085665 
.085412 

10.085158 
.08i^905 
.034651 
.034898 
.034145 
.088891 
.033638 
.083384 
.088131 
.068877 

10.032624 
.082371 
.082117 
.081864 
.031611 
.081357 
.031104 
.060851 
.030597 

10.060844 


60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 

49 
48 
47 
46 
45 
44 
48 
42 
41 
40 

80 
38 
87 
86 
85 
34 
38 
82 
81 
80 

20 

28 

27 

26, 

25 

24 

23 

22 

21 

20 

19 
18 
17 
16 
16 
14 
13 
12 
11 
10 

9 

8 
7 
6 
5 
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8 

1 
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Angles  (^coniintied)  page 

deflection 117 

calculation  of  bearings. . . .  382 

measuring 98 

method  of  running  transit 

lines 120 

numbering  limb,  quadrant 

method 75 

us  J  in  plotting  traverses 

.     466,  493 
direct,    use  in  plotting  tra- 
verses  464,  493 

determined  for  office  compu- 
tations    375 

doubling 100 

errors  in  measuring 104 

exterior  for  transit  lines 118 

fence  corner,  how  to  measure  202 

five  methods  of  plotting 455 

general  methods  of  reading. .     68 
horizontal,    accuracy    in 

measurement     99 

explanation  of 2 

how  to  turn  ofif 99 

measuring,  accuracy  in. . . .     99 

methods  of 93 

sextant  method  of 678 

sources  of  error  in 96 

suggestions  for 95 

three  steps  in 563 

reading  to  contour  points..  343 
Angles,  interior  for  transit  lines  1 18 
interior  of  polygon,  rules  for 

adding  1 19 

intersection  of  curves 204 

keeping  track  of  by  watches    203 

laying  off  accurately 218 

by  repetition 101 

measurements  in  stadia 

surveying 309 

measuring 218 

by  repetition 99 

by  series 100 

by  tape 64 

method  of     intersection     in 

I  seating  points     137 

methods  of  plotting 459 

comparison  of 461 

five  methods 455 

plotting,  methods  of 455 

cosine  and  sine  method.   459 
latitude    and   departure 
method 461 
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Angles,  plotting  (oontintied)     pagb 

by  protractor 455 

by  three-point  problem. . . .   462 

reading 67 

check  by  estimating 71 

general  methods  of 68 
orizontal  angles    to    con- 

^  tour  points 348 

either  direction   from  one 

row  of  numierals 73 

natural  mistakes  in 71 

relative  importance    of 

limb  and  vernier 68 

suggestions  for 96 

wrong  row  of  numerals. ...     71 

reading  the  limb 68 

common  mistakes  in 69 

methods  illustrated 69 

right    or   left,   for    transit 

lines 118 

several     taken    from     same 

backsight 94 

taken  ri^t  or  left 94 

transit  hne 117 

•use  of,  in  locating  objects. . .   134 
in  running  transit  fines. ...  120 

vertical,  explanation  of 2 

measuring 98 

with  sextant 579 

reading  to  contour  points.  343 

Angle  target 572 

Angular  distances,   conversion 

to  bearings 378 

definition  of. 378 

Angular  errors — (see  Errors  in  angu- 
lar measurements). 
Angular  measurements,  adjust- 
ing  478 

correcting 478 

Angular  units  of  measurement       3 
Annual  variation  of  magnetic 

needle 543 

Appreciable  error 13 

Arc  of  earth's  surface,  length  of, 

compared  with  straight  line.       2 
Architect,  data  furnished  to,  by 

engineer 212 

Architect,  suryey  for 211 

Architect's  level 571 

Architect's  scales  for  maps. .. .   489 

Astronomical  triangle 620 

Attachment,  solar,  for  transit..  627 

Automatic  leveling-rod. .   572 

Auxiliary  telescope  for  transit.  566 

Area  of  land 407 

methods  of  finding 408 

units  of 407 

Areas,    between    tangents    and 

curves 408 

calculating 6 

computation  of 6 

different  methods  of 418 

comparison  of 418 

form  for 413 

formula  for 430 

Francke's  rule  for 412 


Areas  .comnutation  of  (conPd)  paok 
method  from  coordinates, 

rules  for 418 

from  curved  boundaries.  412 
from    double     latitudes 
and     longitudes,     ex- 
ample  417 

from  latitudes  and  longi- 
tudes, general  method  414 
from  latitudes  and  longi- 
tudes, rules  fpr 416 

from  latitudes  and 

double  longitudes. ...  413 

from  map 408 

from  offsets 411 

from    offsets,     irre^ilar 

intervals 412 

by  planimeter 406 

from  square  feet 416 

Poncelet's  rule  for. .,,'.,..  412 

trapezoidal  rule  for 411 

trigonometric    formulas 

for 407 

geometrical  figures 407 

metric  system  of,  and  Eng- 
lish equivalents 407 

Axis  of  bubble  tube 644 

of  earth,  len^^th  of 1 

of  lens,  principal 546 

secondary 547 

of  transit,  suppordng 563 

Azimuth  and  altitude,  revers- 

ing  transit  in 92 

Azimuth,     checking    by    mag- 
netic needle 124 

computations  of  latitude  mnd 

departures 387 

defimtion  of 114 

facts  to  remember  about. ...  115 

forward  and  back. 115 

methods  of  running  transit 

lines 130 

of     Polaris     at     elongaticm. 

table  of TTT 646 

of  sun,  formidas  for 626 

use  of,  in  locating  objects. . .  134 
in  plotting  traverses. . .  471,  483 

Backsight  in  leveling 237 

jength  of 251 

in  measuring  an^es 90 

Balancing  a  survey 395 

Balancing-in  transit 301 

Baltimore   survey,    scale   used 

in  plotting  map 4S9 

Band  tape 563 

Barber,  paper  on  determining 

a  meridian 632,  634 

Barometric  formulas 246 

tables 6t2 

Barometer,  aneroid 264 

effect  of  atmospheric  changes  24S 

effect  of  temperature 246 

errors  in  leveling 265 

rate  of  change  for  different 
elevations 245 
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Blue  printing,  directions  for. . .   463 

time  of  exposure 453 

Blueprint  cloth,  how  to  prepare  454 

paper,  how  to  prepare .......   464 

Blueprints,  making  corrections 

on 453 

paper  for 485 

Board,  plane  table 676 

adjustment  of 604 

Books  on  magnetic  declination  641 

on  lettering 608 

Border  lines  for  maps 623 

Borrow-pits 287 

Boston  leveling-rod 232 

waterworks,  permanent  stand- 
ard for  tapes 662 

Boundaries,  method  of  locating  141 

monuments  for 211 

Boundary  lines,  omitted,  com- 
putations for 406 

referencing 211 

Boundary  survey,  illustrations 

of 176 

Bow-compasses,  use  of 442 

Bread,  use  for  cleaning  drawings  448 

Bridge  piers,  to  locate 216 

Bristol  board  protractor 466 

Brown  solar  paper,  directions 

for  use 454 

Brush,  camel's  hair 450 

Bubble    tube,     dumpy     level, 

adjustment  of 601 

wye-level,  adjustment  of  604 
Buildings,  how  to  stake  out. . .  200 
Burt's  solar  attachment 628 

Calculated  bearings 113 

checks  for  deflection  angles.   165 

Calculation  of  areas 407 

Calculating^  earthwork  by  meth- 
od of  unit  areas 420 

Caniel's  hair  brush 460 

Capital    letters,    directions   for 

making 28 

Gothic 611 

study  of .^ 611 

Carbon  paper,  use  in  keeping 

notes. 176 

Care  of  instruments;  see  Tapes, 

Transit,  Level,  etc 

Cassiopeiae,  relation  to  Polaris.   368 

Celestial  equator 621 

pole 354,  620 

Celluloid   sheets,   use  in   topo- 
graphic surveying 348 

Centering  the  eyepiece 601 

Centers,  care  of. 618 

fretting  of 610 

Certificate,  surveyor's 603 

Chaining  (also    see  Tape    and 

Steel  tape) 31 

accuracy  in 45 

across  a  river,  method  of. . . .     65 
allowable    discrepancies    in, 
comparison  of  tables 60 
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Chaining  (continued)      ^       ^   page 
allowable    discrepancies    in, 

table  of 49 

base    line,    practical   sugges- 
tions ... 68 

between      two     inaccessible 

points 65 

between    two   non-intervisa- 

ble  points 65 

building    intervening,    prob- 
lem;   method 64 

care  of  steel  tape. 31 

coefficients  of  precision 46 

combining  errors     62 

end   graduation  of  tai>e....  35 

errors  in « 37 

in  alignment 41 

formulas  for  probable. ...  45 

limits  of.    44,  46 

in  marking  tape  lengths. . .  42 
probable,  for  lines  of  differ- 
ent lengths 45 

in  measuring  base  line. .  68 

in  reading  the  tape 42 

relative  importance  of . .  • .  43 

sag  of  tape 41 

sources  of 39 

summary  of  sources  of. ...  43 
table  of,  corresponding  to 

ratios  of  precision 61 

uneven  pull  of  tape 42 

general  method  of 33 

handling  of  tape. 31 

how  to  obtain  precision 63 

importance  of 31 

{'udging  accuracy 45 

imits  of  precision,  ratio  for.  47 

requirements  of 61 

locating  details 66 

making  a  chain  survey 66 

measurements,  base  Une. ...  67 

greater    than  tape  length  34 
eight  of  inaccessible 

point 65 

less  than  tape  length 34 

methods  used  on  a  slope. ...  35 

obstacles 64 

precautions  to  insure  accuracy  36 

necessary 35 

over  a  high  wall 64 

precision,  limits  of .47,  61 

probable  error  in  measuring 

base  line 58 

•  problems 60 

prolonging    straight    line 

through  obstacles ........  66 

ratio  for  limits  of  precision. .  47 
reducing    inclined    to    hori- 
zontal distance.«» 36 

referencing  a  point. 64 

requirements  of  limits  of 

precision 61 

setting  the  chaining  pins. ...  35 

elope,  methods  of 35 

with  tape  horizontal 36 

sources  of  errors 39 
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special    lyork 54     I 

table  of  errors    corr^pond- 

ing  to  ratios  of  precision..     51 
what  a  chainman  should  do.     37     i 

woods  intervening 54     i 

Chaining  pins,  how  to  set 35 

Chainman,  lining  in 41 

what  he  shoula  do 37 

what  he  should  not  do 38 

Chains 650 

comparison  with  tape 33 

how  to  read 33 

to  do  up  and  undo 32 

imit  of  measurement,  equiva- 
lents; basis  of  unit 3 

Chain  survey,  general  method  .    56 

house  and  lot 56 

Chain  tape 560 

Changing  decimal  a  foot  to 

inches 3 

Chart,  isogonic 543 

Checking  level  notes,  rules  for  242 

Checking  work 12 

Check  for  closed  polygon,  by 

bearings 127 

for  interior  an^es  of  polygon  119 

on  transit  line  angles 119 

Checks  used  in  plotting 4M 

Chinese  ink 447 

Chord  method  of  erecting  per- 
pendiculars  461 

of  measuring  angles 63 

of  plotting  an^es 459 

bearings 469 

traverses 484 

Chromatic  aberration.    ....         549 

Circle,  area  of . .  407 

geometrical  properties 205 

Circular  bubbles 645 

City  survey,  illustrations 188 

Clamps,  use  of  upper  and  lower, 

on  transit 91 

Classes  of  errors.. . .  -. 9 

Class   worth    in    trm-lcing  field 

notes,  directions 90 

Cleaning    Instruments  (see   Tspes, 
Tansit,  Level,  etc.). 

Cleaning  maps 527 

Clinometer 571 

Coefficient    of  expansion  ste^ 

tape 40 

Coefficients  of  precision,  how  to 

determine 46 

table  of 49 

Collimation,  line  of 553 

Colored  inks,  printing  values  on 

tracings 507 

Combination  method    of  keep- 
ing notes. 177,  180,  184 

Compass,  adjustments  of 60? 

adjustment  of  level 602 

needle 603 

pivot  point 603 

sights 602 

advantages  of 293 
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Cosines,  logarithmic,  table  df,    718 

natural,  table  of.. . ,, 662 
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adjustment  of 586 
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illuminating 357 

removing  dust  from  .  • .  .614,  617 
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forms  for  computation. .   627 
niethod  of  procedure  for 

computation 625 

method  of  precedure  for 

observation 624 

modified  method  of  ob- 
servation   625 

from  sun  at  noon 632 
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errors 46 
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limits  of 108 
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leveling 255 
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instrumental 108 

in  surveying 7 

in  triangulation 199 

linear  measurements 39 
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relation  to  discrepancy 11 

relative  importance  of 13 
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in  triangulation 191 

stadia    surveying,    allow- 
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sources  of 312 

surveying 7 

limits  of 7 
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of  precision 51 
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not  horizontal 40 
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temperature  of  tape 40 
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notes 21,  23 

on  maps 627 
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dirt  on 614 

moving  too  freely,  to  stop. . .  616 

sextant 578 

tdescope 549 

erecting,  theory  of 552 

non-erecting 555 

theory  of 650 

variable  power 655 

Farm  survey 211 

Fence  posts,  where  to  set 202 

Fences  along  streets,  how  to 

set 202 

where  to  set 202 
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definition  of 20 

directions  for  classwork 30 
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relation  to  general  methods 

of  surveying 5 
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spacing  letters 29 

three  parts  of 21 

topc^aphic  surveying 346 

transit  surveying 164 

triangulation 198 

working  up,  preparatory  to 

plotting 477 

field  note  book 175 

Field  work,  important  questions  6 

primary  operations 5 

routine  in  leveling 250 

transit  surveying 149 

Field  rod 259 

Field  of  tdescope,  size  of 554 

tests  for 556 

Filing  system  for  drawings  and 

note  books 528 

Fixed  tube,  dumpy  levd,  advan- 
tages of 601 

Finishing   the  map     (also  see 

Lettering  the  map) 361 

arrangements  for 503 

arrow  head 507 

border  lines  for 503,  523 
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contour  lines 518 

conventional  signs 519 

conventional  tints 523 

dimensioB  lines 507 

explanatory  notes  on 527 

general    method    of    proce- 
dure   503 
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inking 505,  506 
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method  of  procedure  in 503 
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procedure,  method  of 503 
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maps 502 
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soundings 203 

Flexible  curves 443 

leveling  rod 572 

Flint  glass  lens 649 

Fluid  used  in  spirit-levd 644 

Flying  levels 243 

Focal  length  of  lens 647 

Focus  of  lens,  principtfil 646 

Focusing  rack  of  telescope. .  .^.  650 

slides,  care  of 615 

fretting,  to  stop 615 

Foot,  decimals  of,  chaxiging  to 

inches 3 

decimals   of,    for  each    32d 

of  an  inch 660 

divisions  of,  used  in  surv^- 

ing 3 

Foresight  in  leveling 236 

in  measuring  an^es 90 

Foresights,  length  of 261 

permanent 281 

Formation  of  images 648 

Forms  for  calculation  of  bcttr- 

ings 391 
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latitudes  and  departures. .  390 

meridian 627 

omitted  measurements....  405     i 

plotting  off  land 424,  426 

triangulation 399 

for  notes  in  leveling 239 

for  tabulating  field  notes. . . .   169 
latitudes  and  departures. .  394 
Formulas  for  probable  errors. .     17 
Forward  and  back  bearings  <^ 
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Francke's  rule  for  areas 412 

Free  hand  lettering 24 

numerals 27 

Full  circle  system  of  number- 
ing limb 21 

Fundamental  principles  of  siw- 
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Gage  line,  definition  of 157 

Gannatt's    dictionary   of   alti- 
tudes  253 

General  methods  of  surveying..      5 
Geometrical  fibres,  area  of. . ..  407 

principles  of  curves 204 

properties  of  circles 205 

Geodetic    survejing,    rdation 

to  plane  surveying 2 

defined 191 

Gothic  alphabet 508 
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oaioulating,  reUtion  to  gen- 
eral methods  of  survejins.      6 
laying  out  on  plotted  profiles  533 

percent 243 

shooting  in 260 

elevations 428 

Onde>rod 243 

Grade-slats 383 

Grade-stakes  for  curb 282 

how  to  mark 260 

illustration  of  setting 281 

methods  of  setting 258 

Gradient,  how  to  find 428 

Gradienter,  leveling  with 245 

for  transit 566 

Grading  estimates  for  cut  and 

fiU 287 

Graduated  arcs,  to  clean 612 

Graduation  of  tape 560 

of  transit,  tests  for 568 

Graphic  methods  in  oflice  com- 
putations   377 

Great  dipper 355 

Gunter's  chain 3,  559 

Hand  level 570 

locating  contours  with 233 

use  of 233 

Hatching  for  topographic  maps  519 

High  power  telescope 655 

Highway,  how  to  stake  out 212 

Highway  survey,  illustration....  184 

Hinf^e  leveling  rod 572 

Horizon 621 

Horizon  glass  for  sextant 578 

adjustment  of 605 

Horizontal    angles,   measuring 

with  sextant 578 

Horizontal     control,    choosing 

stations 431 

methods   of  in   topographic 

surveying 431 

Horizontal  measurements;  dis- 
tances ;  angles ;  projection ; 

explained 2 

Horizontal  plane  defined 1 

Horizontal  plates  of  transit. ...     67 

Hour-angle 622 

House-lot,  how  to  stake  out. . .  210 

Illumination  of  telescope 554 

Images,  formation  of  by  lenses.  548 
relation  of  brightness  of  to 

magnifying  power 654 

Inclined   distances  reduced  to 

horizontal ;  table 651 

Index  glass  for  sextant 678 

adjustment  of 604 

Index  error 98 

sextant,  to  determine 606 

India  ink,  how  to  mix 447 

Inking,  curves 442 

suggestious  for 446 

the  map 506 

lines 440 
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wide  lines 447 

Inner  spindle  for  transit 663 

Instrumental  errors  in  angular 

measurements 104 

Instrumental  sources  of  errors.     .  9 
Instruments,  adjustments  of  .6,  681 

care  of 6,  607 

centers,    spindles    and 

sockets 618 

precautions 607 

things  not  to  do 607 

drawing,  use  of 438 

lubricants  for 611 

study  of 637 

surveying 637 

primary  parts  of  (see  also 
Vernier,  Magnetic  needle.     . 
Level-bubble,  Lens  and 

Telescope) 538 

topographic 346 

Intermediate    stations,    sights 

on 253 

Interpolating  contours,  home- 
made device  for 498^ 

tracing  cloth  method 497 

Interpolation  of  elevations 433 

Iron  pipes  for  boundary  monu- 
ments  , 211 

Iron  rod  for  boundary  monu- 
ments   21 1 

Irregular    variations    of    mag- 
netic needle 543 

Isogonic  chart 543,  63^ 

lines 543 

Jacob's  staff  for  compass 6V6 

Johnson's  plane  table 577 

Knot,  how  to  tie  sliding  knot...     85 

Land    and    buildings    survey, 

illustrations  of 180 

Latitude,  determination  of 632 

from    observation   on   Po- 
laris  633 

from  observation  with 

solar  attachment 633 

from   observation   on  the 

sun 633 

effect  of,  on  azimuth 35# 

length  in  feet  of.  for  1  foot..   661 

relation  to  Polaris 35i& 

Latitude  and  departures 383 

algebraic  signs  for 384 

application  to  polygon 386 

system  of  transit  lines ....  386 

balancing  a  survey 395 

methods  of 395 

suggestions    by    Mr.    E. 

Sherman  Gould 397 

bearings  to  use 387 

checks 38g 

complete  example 389 

computing  from  azimuth. .  . .  38 1 
computations,  forms  of.. .  390.  393 
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methods 387 

determining  error  of  closure.  386 

finding,  method  of 387 

rules  for, 384 

forms  for  computations. .390,  393 

for  tabulating 394 

methods  of  finding 387 

by  computations 387 

from  traverse  tables 387 

example  of 388 

by  trigonometry 388 

method  of  plotting  angles.  461 
relation    to    bearing    and 

length 400 

running  down  mistakes. . .  389 

tabulating 394 

use  in  ploi ting  traverses. .   493 
Laying    off    measurements    to 

scale 448 

plus  stations 449 

L^ist  count  of  vernier,  to  deter- 
mine  638,  540 

Least    squares,    abbreviated 

methods 18 

method  of,  defined 15 

applied  to  angles 19 

Legends  for  maps 527 

Lens,  achromatic 549 

crown  glass 549 

flint  glass 549 

Lenses,  care  of 614 

concavo-convex 549 

different  forms  of 546 

double-convex 546 

haziness  in 614 

plano-convex,  in  eyepiece, 

546,  553 

theory  of 546 

aberration,  chromatic 549 

spherical 549 

application  to  telescope. . .  550 

conjugate  foci 547 

different  forms  of  lenses. . ,   546 

focal  length 547 

formation  of  images 548 

optical  centre 546 

principal  axis 546 

principal  focus 546 

secondary  axis,. •••..... .  547 

shape  of  surface 546 

three  general  propositions.  546 

[lettering,  books  on ,.  508 

field  notes 23 

free  hand 24 

capitals 28 

height  of  letters 29 

spacing    and    compressing 

letters 29 

maps 507 

Srofi'.es 534,  535 
Leinhardt's  system 24 

Lettering  the  map 505 

common    defects    in    letter- 
ing  516 
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inking  io  letters 515 

pencLing  the  letters.  .......  610 

printing  bearings 517 

printing  linear   measure- 
ments   617 

printing  values  on  an^es.. . .  517 
prominence,  how  to  gain. ...  518 

proportions  of  letters 510 

sizes  of  letters 509 

spacing 516 

Level 569 

Abney  hand  level . , 671 

architect's  level 571 

clinometer 571 

compass,  adjustment  of 602 

delicacy  of 227 

effect  of  temperature  on 227 

hand-level 570 

home-made  levels 57i 

Locke's  hand-level 570 

plane  table,  adjustment  of.. .  604 

precision  level 570 

sensitiveness  required 669 

setting  up 227 

special  forms  of 570 

telescope,  use  of 227 

magnifying  power  of 655 

tests  for  the  level 671 

use  of 226 

wye-level 669 

Level-bubble 544.  570 

axis  of  the  bubble  defined. . .  644 

circular  bubbles 645 

effect  of  heat  on  tube. 644 

fluid  used 544 

plumbing-levels 645 

radius  ofcurvature,  formula.  545 
relation     to    magnifying 

power 545,555 

repairing 613 

•'reversion  "  bubble-tube. . .  570 
sensitiveness   of    bubble,  to 

test 545 

value    of;    how  expr^sed. .  544 

for  plate  levels 545 

for  transit 545 

for    wye-level    or     dumpy 

level 645 

tube;  how  graduated 544     \ 

how  ground 544 

to  repair 613 

Level  notes 6  ' 

forms  for. 256 

Level  party 248^ 

equipment  for 248 

Lev^l  surface,  defined 1 

Leveling,  abbreviations  in  notes  237 

acci  dental  errors 276 

accurate   method   of    proce-  . 

dure 279 

allowable  error,  formula  for.  276 

assuming  a  datum 250 

average  speed 276 

backsight,  definition  of 236 
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barometric 245t  265 

bench-marks 278 

for  street  railways 280 

bubble  tender 278 

checking  levels 264 

checking  notes,  rules  for 242 

choosing  turning  points 252 

closing  error,  definition  of . . .   275 

coefficient  of  precision 276 

Chicago    Sanitary   Dis- 
trict  276 

Mississippi  River  Com.mis- 

sion 276 

N.  Y.  Barge  and  Canal  Sur- 
vey   278 

in  railway  location 276 

U.  S.  Geological  Survey. . .  276 
comparison    of    target    and 

direct  readings 271 

of  turning  points  and  inter- 
mediate stations .......  239 

constant    errors,  how  elimi- 
nated   274 

correction    for       assumed 

bench-mark- 250 

for  .  combined     curvature 
and  refraction,  table  for  273 

for  refraction 273 

table  for 273 

curb,    setting    grade    stakes 

for 282 

customary   limits    of 

error 276 

cut  and  fill 287 

datum  250 

definition  of 234 

differential,  field  routine. . . .  250 
directions  for, summary 

of 260 

discrepancy  per  mile 276 

India 276 

Switzerland 276 

duplicate  lines 278 

eliniination  of  errors 274 

equal    foresights   and   back- 
sights   278 

errors 267 

accidental 275 

accumulation    of     dirt...   270 

adjustments 268 

allowable,  formula  for. . . .  276 
change  in  length   of  level 

rod 272 

change  in  position  of  transit  271 

closing,  definition  of 275 

formula  for 255 

computing 274 
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accuracy  required 499 

arrangements  for 490 

assuming  the  first  line 491 

cheeks  for  angles 494 

combination 495 

for  linear  measurements. . .  494 

used 494 

choice  of  scale 489 

rules  for 489 

conmion  scales ,  488 

copying  and  transferring. . . .  500 

details 496 

checks  for 497 

drawing  instruments 486 

equipment  necessary 485 

errors,  to  run  down 495 

general  methods  of 487 

ow  to  b^in 490 

interpolation  of  contours... . .  497 

method  of  procedure 487 

paper 485 

precautions  necessary 486 

speed  in 499 

transferring 500 

traverses 492 

triangulation  net 491 

Plumbing  bar,  for  plane-table. .  577 

Plumb-bob 85 

level 673 

bubble  used  for 545 

Plumb-line,  effect  of  irregular 

distribution  of  mass 2 

Plunging  the  telescope 86 

Plus    and    minus    errors    ex- 
plained   9 

"Plus  stations,  methods  of  lay- 
ing off 449 

Pocket  steel  tape 560 

Pointers 355 

Points,  methods  of  location ....  4 

Point  of  curvature 205 

of  tangency 205 

Polar  distance 355 

distances  of  Polaris,  table  of.  633 

effect  of  latitude  in 355 

P(^aris,  azimuth  at  elongation .  355 

formula  for  finding 356 

table  of 646 

check  observations 358 

eastern  and  western  elonga- 
tion    355 

effect  of  latitude  on  azimuth.  355 

facts  concerning 355 

formula  for  finding  azimuth  356 

methods  of  observing 356 

comparison  of 359 

observations  on 354 

at  any  time 359 

at  elongation 356 

at  culmination 358 

comparison  of  methods... .  359 

to  determine  latitude 633 

polar  distances 355 

mean,  table  of 633 

illation  to  Cassiopeaiae 358 
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relation  to  latitude 356 

Mizar 356.  358 

table  of  mean  polar  distajioes.  633 

time  of  elongation 375 

tables  of 644 

upper  and  lower  culmination.  355 

Polygon,  area  of 407 

closed  check  by  bearings. ...  127 
Polyhedron,  definition  of . . , . , ,  429 

Poncelet's  rule  for  areas. 412 

Portland,  Me.,  variation  of  mag- 
netic needle  at 542 

Porro  telescope , ,  653 

Positive  prints,  how  to  make. .  454 
Precision  of  an^^lar  measure- 
ments, conditions  affecting. .  106 

methods  of  judging 107 

Precision  co-efficients,  detenn- 

ination  of 46 

Precision    in  chaining,  how  to 

obtain 53 

tables  of 4g 

Precision  level 670 

Precision,  limits  of,  in  compara 

survej-ing 298 

limits  expressed  by  ratio 47 

requirements      of      different 

limits 51 

table  of  errors  corresponding 

to  different  ratios 61 

Prevention  of  errors 12 

Primary  parts  of  surveying  in- 
struments  538 

Primary  stations,  ^evation    of, 
in  topographic  survejdng  ...  343 

Principal  axis  of  lens 646 

Princ'pal   lines  of    adjustment 

of  transit 584 

Prism,  definition  of. 429 

for  stadia 653 

Prismatic  compass 576 

eyepiece  for  transit 666 

Prismoid,  definition  of 434 

Frobl^ns  in  chaining 60 

Probable  errors 16 

definition  of 15 

determination  of 17 

formulas  for • 17 

measuring  base  line 68 

of  the  m.ean 16 

single  observation 16 

use  of 15,  16 

Profile  leveling,  definition  of...  242 
field  routine. ...^......,.  251 

forms  of  notes  ftfr 346 

Profile  paper,  different  kinds.  •  630 

Profiles 629 

checking 632 

common  mistakes  in  plotting  633 
conventional  signs  tor  statia*  635 
explanatory  notes  on. ..... .  636 

finishing 6t  634 

horizontal  and  vonticsl  soJeS 

relation  of 631 

laying  out  grades  on 
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Profiles  (continued)  page 

lettering 534,  635 

misleading . .   530 

paper  for 530 

plotting 6,  529 

from  contours 533 

general  method 532 

of  related  lines; 533 

scales  for 530 

scales  for  different  papers.  . .  531 
showing     progress    on     con- 
struction    536 

titles  for 536 

•working  up  notes 531 

Projection,   horizontal,   ex- 

p'ained 2 

Proper  names  on  maps 505 

Proportional    dividers,  use    of  441 

Protractor 377 

bristol  board 456 

convenient  form  of 455 

device  for  holding 457 

how  to  make. 457 

office  computations . 377 

paper 458 

three  armed. . 462 

use  of 455,  467 

in  plotting  traverse  lines. .  464 
in  topographic  surveying..  348 
Purpose  of  a  survey;    relation 
to  field  work 6 

Quadrant  targets  ...    672 

Quantities,     how    best    deter- 
mined for  angles 375 

Radius  of  curvature.  level-bub- 
ble formula  for 645 

Radius  earth,  average 1 

Ratio  expression  of  error 39 

Ratio      expressing     limits     of 

precision 47 

Reading  angles  (see  Angles) 

glass  of  transit 98 

leveling-rod 227 

the  vernier £39 

Reciprocal  leveling 243 

table  of 6^3 

Records  in  field  notes 21 

Recording  field  notes 5 

measurements,     sources     of 

trouble 22 

Reels  and  handles  for  tapes... .    661 
Reference  lines,  location  of.  in 

rectangle 209 

checking 495 

topographic  surveying. . . .  341 

meridian  for  areas 414 

Referencing  boundary  line 211 

a  line 203 

a  point 64,  203 

Reflector  for  transit r67 

Refraction ,  correction  for 623 

mean;  table  of  corrections. .   624 
tables  of.  for  use  with, solar 
attachment 649 
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Reinhardt's  syston  of  lettering.    24 
Relations   of  general   work  of 

surveyor 6 

of  indoor  work  of  surveyor. .       6 
of     primarv     operations    of 

field  work 5 

Remagnetizing  compass  needle.  295 
Replacing  broken  cross  hairs. .  616 

Requirements  for  transits 567 

Residual,  defined 15 

Retaining-wall,   to   give   lines 

for 213 

Reticule  of  telescope 550 

Retrograde  vernier 540 

Reversing  the  telescope 86 

Reversion,  method  of 583 

bubble  tube 570 

Ribbon  tape 660 

Right  angle,  construction  of, 

with  tape 60 

triangles,  area  of 407 

Riveting  a  broken  tape 609 

Road,  how  to  stake  out 212 

Rodnian.  duties  of 263 

equipment  for  in  leveling.. . .  248 

suggestions  for. 261 

Ron^an  alphabet 508 

Rougb  riveting  for  broken  tapes  077 
Rubb^  bands,  use  of,  ic  level- 
ing    262,  281 

Ruling-peL\  adjusting ..<  441 

cleaning..  ..••• 441 

sharpening •..••.••.  441 

use  of... 440 

Running  transit  lines,  (see  also 
Transit  lines)  .., 122 

SaegmuUer  solar  attdx'^hment.M.  631 

Sag  of  tape,  foimulas  tor,  •  •  • . .  41 

methods  of  eliminatintT.M*. . .  41 
Salt  Lake  City  apparatus  for 

standardizing  tapes . .  662 

San     Francisco,    variation    olF 

magnetic  needle  at 542 

Scales,  choice  of,  in  plotting. . .  489 

designs  for biVJ 

equivalents  for   various   ra- 
tios, table  of 488 

for  maps 626 

for  different  purposes 489 

for  plotting,  choice  of 489 

the  map 488 

used  by  the  Government. .  488 

for  profiles 531 

on  target 572 

use  of 440 

in  chaining  base  line 58 

Sea  level,  defined;    how  deter- 
mined   1 

reading  of  barometer 246 

Secondary  axis  of  lens 547 

Section  liner 449 

lining 449 

for  maps 522 

Sector  of  circle,  area  of 407 
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Segment  of  drde,  area  of.  .407,  409 

Sextant 677 

adjustments  of 604 

the  horison  glass 605 

the  index  glass 604 

the  telescope 605 

advantages  of 578 

eyepieces,  three  kinds  of . . . .  578 

honson  glass 578 

'  index  error 606 

index  g^ass 678 

measuring  horisontal  angles .   578 
fneasuring  vertical  angles. . .  579 

theory  of 679 

use  of 678 

vernier  arm 578 

Secular  variations  of  magnetic 

needle 541 

Se*f-reading  leveling  rods 571 

Self -reading  stadia  rod 573 

Set  screws  lor  transit 564 

Sewer,  flow-line. 211 

leveling  for 283 

Shafting,  to  give  lines  for 212 

leveling  for 287 

leveling,    giving    elevations 

for 287 

Shdlac  for  cross-hairs  of  tele> 

..^    scope 550 

Shortening     computations     in 

'    office  work 364,  372 

Siderial  day 355 

Sighting  at  points  in  the  dark..  358 
Sights,  compass,  adjustment  of  602 

Signals,  leveling 248 

for  stations  in  triangulation .   198 

Sines,  table  of 662 

logarithmic,  table  of 718 

Sine-cosine   method    of   meas- 
uring angles 63 

Single-piece  leveling  rod 572 

Sketch  method  of  keeping  notes, 

illustrations 179,  183,  189 

Sketches  in  field  notes 21,  23 

Slide-rule,  in   office   computa- 
tions   377 

Slide-rules  for  stadia  work 483 

Slopes,  methods  of  chaining. . .     35 

Sockets,  care  of 618 

So'ar  attachment 566,  627 

Burt's,  use  of 628 

method     of     procedure     for 

Burt's 630 

observation      to     determine 

latitude 633 

SaegmuUer;  use  of 631 

.  table  of  refractions 649 

Solar  compass 676 

Solar  paper,  brown 454 

Soldering  a  broken  tape 610 

Soundings,  use  of  flags  of  dif- 
ferent colors 203 

Sources  of  errors 9 

chaining,  sununary  and  rela- 
tive importance 43 
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Speed  in  leveling 276 

Sp  e  e  d    in    surveying,     how 

gained 8 

t^pider-webs;  best  kind 616 

how  to  procure 616 

to  fasten  to  ring. 616 

Spindles,  care  erf 618 

for  transit 563 

Sphere  in    rdation  to  earth's 

surface 1 

Spherical  aberration 549 

Spirit-level 644 

Splines,  hard-rubber  for  curves.  443 

Sponge  rubber 448 ' 

Spring  balance,  use  of  in  m.ea&- 

uring  base  line 57 

Square  chains,  basis  of  unit  of 

measurement 3 

feet,  to  reduce  to  acres 416 

Squares,  table  of 683 

Square  roots  of  large  numbers.  368 

of  small  numbers 367 

table  of 683 

Stadia,  accuracy  of,  in  levying  306 
in  measuring  distances. . . .  307 

adjustment  of  wires 303 

advantage    of   standard   in- 
terval   303 

angles,  how  dose  to  meas- 

lu'e 309 

vertical,  when  to  ignore...  307 

checking  distances 309 

side  snots  on  line 309 

correction  constant Z02,  315 

definition  of 300 

diagrams  for  reduction 482 

distances,  accuracy  in  meas- 
uring  307 

checking • 309 

how  close  to  measure 309 

horizontal,  to  measure  in 

level  ground 307 

to  measure  on  sloping 

ground 307 

vertical,  how  to  obtain. ...  30? 
elevations,  method  of  finding  30S 

to  obtain 309 

form  of  notes 31C 

formulas    for    reducing    in- 
clined readings 305 

graduating  the  rod 304 

horizontal  distances,  to  meas- 
ure  307 

how  close  to  measure  an^es.  309 

distances 309 

how  to  graduate  the  rod ....  304 

ignoring  vertical  angles 307 

inclined    readings,    formulas 

for  reducing 306 

reduction  of 307 

standard,  advantage  of . . .  303 

interval,  to  test 302 

factor 303.  304,  316 

length fof  sight,  maximum. . .  307 
leveli ns ,  accuracy  of  stadia. .   308 
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Stadia  (continued)  paog 

triepnometric 306,  308 

*  line  of  sight  inclined 305 

maximum  length  of  sight . . .  307 
measurements,  compared 

with  tape. 315 

method  of  reducing. ......  480 

measuring  angles 309 

distances 309 

horizontal  distances 307 

notes,  form  of 310 

reducing 480 

obtaining  elevations 308 

•  obtaining  vertical  distances.    308 

principle  of 301 

readings,  inclined,  formulas 

for  reducing 305 

reduction  of 307 

reduction  tables 659 

use  of 480 

rod  (see  also  Stadia  rod) ....  300 

side  shots,  checking 30b 

slide  rules 483 

special  rod 303 

standard    intervals,    advan- 
tage of 303 

theory  involved  in 301 

to  test  the  interval 302 

trigonometric.leveUng....305,  308 

.  vertical  angles 307 

distances 308 

wires,  to  adjust 303 

Stadia  rods 300,  573 

common   mistakes    in 

reading 305 

-  dififerent  patterns  compared.   573 

directions  for  making 574 

fo  graduate 304 

method  of  reading 304 

self-reading 573 

special 303 

standard,  advantage  of 304 

target 573 

tests  in  sighting 313 

Stadia  surveying 300 

allowable  discrepancieH  in. . .  314 
allowab'o  errors  in  elevation.  314 
angles,  how  close  to  measure.  309 
<^eckine  distances 316 

•  elevations 316 

side  shots 316 

closure^  error  of 315 

determining    the   stadia    in- 
terval, erorr  in 312 

discrepancies,  allowable 314 

between   stadia  and  tape 
measurements 314 

distances,  checking 316 

long,  reading 316 

effect  of  refractions 312 

elevations,  allowable    errors 

in 314 

checking 316 

«Tor8,  change  in  wire  inter- 
val  312 

of  closure 315 


Stadia  surveying  (corUinued)    page 
determining  the  stadia 

interval 312 

effect  of  refraction 312 

elevation,  allowable. .;....  3 14 

limits  of 313 

for  series  of  lines 3 16 

separate  horizontal  meas- 
urements   313 

single  observation 312 

sources  of 312 

general  methods 309 

horizontal    measurements, 

errors  of 313 

interval,  errors  in   deter- 
mining  312 

wire,  change  in 312 

limits  of  errors 313 

for  series  of  lines 315 

maximum  length  of  sight. . .  316 

measurements,  angles 309 

horizontal,  errors  of 313 

mistakes  in  reading  rod. ....  312 

reading  long  distances 316 

reading  rod. 316 

mistakes  in 312 

refraction,  effect  of 312 

side  shots,  checking 316 

sight,  line  of,  maximum 3 16 

sighting,  methods  of 316 

single  observation,  errors. .  313 

sketches  for 312 

sources  of  error; 312 

wire  interval,  change  in 312 

Stadia  wires 300 

advantages  of 304 

for  transit , 567 

non-adjustable 3C3 

Stakes,  use   of,   in  measuring 

base  line 57 

Staking  out  a  building 200 

details 5 

house-lot 21C 

road  and  highways 212 

Standard  time 622 

for  transit 603 

yard,  definition  of 3 

Standards,  adjustment  of 589 

dumpy  level,  adjustments  .,  601 

National  Bureau  of 561 

Standardizing  tapes 561 

Station,  defined 235 

to  determine  most  westeriy..  471 

Steel  tape  (see  also  Tape) 560 

care  of 31,  609 

emergency  repairs 611 

eyelet  tool  for  riveting. . . .  609 
riveting  a  broken  tape. . . .  609 

rough  nvetin? 611 

soldering  broken  tape  ....    610 
soldering  flux,  to  prepare.  610 

soldering  outfit 610 

soldering,  sleeves  for 610 

sticky  flux  for 610 

stick  splice .•  •  •  •  ^\l 

determination  of  end  points .     35 
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St:::  L  tape  {continited)              page 
hgure  8 31 

handlins 31 

Stick  splice  for  broken  tapes. . .  611 

Stone  posts  for  boundary  mon- 
uments  211 

Stone  walls,  where  to  set 202 

Straight  edge,  steel 486 

to  test 438 

"^traight  line,  methods  of  pro- 
longing      92 

<^trata,  conventional  signs  used 
in  profiles 535 

Street  lines,  how  marked 202 

location  of 158 

Sun,    azimuth    of;     formulas 

for 626 

daily  path  of 622 

observation     to     determine 
latitude..! 633 

Sun's  declination 622 

to  look  up 623 

Supporting  axis  of  transit 563 

Surface  of  lens,  shape  of 546 

Surface,  earth's,  definition  of. .       1 
level,  relation  to  plane 1 

Survey,  for  an  architect 211 

bearings  kept 113 

ownership  of 503 

what  constitutes 503 

Surveying,  accuracy  in 7 

care  of  instruments 6 

definition  of 2 

errors  in 7 

field  work  operations 5 

general  methods 5 

geodetic 191 

importance    of    checking 

work 12 

important  questions  in  con- 
nection with  field  work.. . .       6 

object  of 4 

office  work 5 

operations  similar  to  draft- 
ing        5 

plane,  definition  of 2 

plane  table. .  .^ 318 

purposes  of,    illustrations...       6 

speed  in,  how  gained 8 

stadia 300 

system  in 8 

topographic. 337 

instruments 637 

Surveying  instruments  (see  also 
Chains,    Tapes,  Transit, 
Level  etc.), 
book  on 537 

Surveyor's  certificate 503 

forms  of 537 

compass 575 

crayon .   147 

keel 147 

System  in  surveying 8 

of  transit  lines 117 

Tables,  allowable  discrepancies 
ID  chaimng 48,  49 


Tables  {continued)       ^  ^  page 

coefficients    of    precision  for 

chaining 48 

comparison  of  tables  of  dis- 
crepancies      50 

correction  for  combined  curv- 
ature   And    refraction    in 

levelinir 273 

errors  corresponding  to  ratio 

of  precision 51 

errors  in  feet  corresponding 
to  displacement  oi  bubble  260 

List  and  Index  of 630 

mean  polar  distances 633 . 

mean  refraction   corrections.  624 
permissible    errors   in 

leveling 277 

the  sum  of  angles 110 

square  measure 407 

stadia  reduction,  use  of 480 

trigonometric,  marking 375 

useful,   for   office    computa- 
tions  376 

Tabulating   latitudes   and    da- 

partiu^s,  form,  for 394 

f achjrmeter 300 

Tangent  method  of  measuring 

angles ..     63 

of  plotting  angles 458 

bearings 468 

traverses 484 

Tangent  screws  for  transit 564 

Tangents,  table  of 671 

and  curves*  area  between . . .  406 

to  curves 204 

Tape  (see  also  Chaining). 

avoidance    of    mistakes    in 

reading 33 

best  form  of  graduation 560 

best  size  of 560 

certificate  of  comparison. . . .  561 
change  in  length  due  to  tem- 
perature      40 

cloth 559 

comparison  of  different  Idnds  550 

comparison  with  chain 33 

correction  for  error  in  length 

of  tape 40 

errors  due  to  temperature. . .     40 

due  to  uneven  pull 42  • 

length 39 

not  horizontal 40 

marking  lengths 42 

not  stretched  tight 40 

reading tf 

graduation  on 560 

best  form  of 560 

graduation  marks 560 
ow  to  read 32 

length  of,  correction  for  errors 

in 40 

metallic 559 

method  of  testing 562 

mistakes  in  reading....,...,     33 

permanent  standard  for 561 

Boston  water  works 563 
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Tape  (continued)  pagb 

reading 32 

avoidance  of  mistakes  in. .     33 

common  mistakes  in 42 

use  of  magnifying  glass  for.     42 

reels  and  handles  for 561 

Salt  Lake  City  apparatus  for 

standardizing 562 

special 560 

standardizing 561 

Salt  Lake  City  apparatus 

for 662 

Boston   water  works  per- 
manent standard  for. .. .   562 

standard  pull 42 

steel,  band  tape 560 

care  of 31,  609 

chain  tape 560 

pocket  tape 560 

ribbon  tape 560 

stretch  of,  per  pound  of  pull.     42 

testing,  methods  of 562 

three  kinds  compared 559 

Target  leve!ing  rods 571 

stadia  rod 573 

Targets 572 

difference  between  methods 

of  reading 232 

how  to  move 252 

with  ordinary  scale 227 

with  verniers 231 

Telemeter 300 

Telescope 549 

aberration  of  sphericity 553 

advantages  of  high  power.  . .   555 
advantages    of    non-erecting 

eyepiece 555 

aperture,  test  for  size  of 556 

application  of  theory  of  lenses  550 
brightness-  of  image,  relation 

to  magnifying  power 554 

care  of 614 

collimation,  line  of,  defined..   553 

comparison  of  eyepieces 653 

cross  hairs,  how  fastened.. . .   550 
cross    hair    ring,    how    con- 
trolled    550 

defects  of 653,  557 

definition 553 

*  test  for 656 

disa^dvantages     of     erecting 

eyer>iece 553 

disadvantages  of  high  power.  556 
disadvantages   of   non-erect- 
ing eyepiece 653 

effect  of  too  high  magnifying 

power 564 

effect  of  too  low  magnifying 

power 654 

elimination  of  parallax 666 

eyepiece 549 

erecting,  disadvantages  of.  553 

theory  of 662 

how  focussed 649 

non-erecting,  advan- 
tage of 666 


Telescope  (continued)  paqb 
eyepiece,   non-erecting,    dis- 
advantage of 663 

theory  of 660 

two  kinds  compared 663 

variable  power 665 

eyepiece  ring,  how  controlled.  649 

fastening  cross  hairs 660 

field,  flatness  of,  test  for. . . .  656 

size  of 664 

test  for 656 

focus 662 

focussing  rack  and  pinion . . .  660 

focussing  object  glass 649 

reason  for 652 

high  magnif3dng  power,  ad- 
vantage of 666 

effect  of 664 

how  to  use 83 

illumination 56^ 

image,  brightness  of  in  rela- 
tion to  magnifying  power.   554i 
lenses  (see  also  Lenses) 

application  of  theory  of... .  660 
level,  magnifying  power  for  665 
level-bubble,       relation      to 

magnifying  power,  545,565,  568 
light,    percent    passing 

through  lens 554 

proportion  of,  to    size  of 

object  glass 554 

line  of  collimation  defined . . .  653 

line  of  sight  defined 653 

low   magnifying  power, 

effect  of 654 

magnifying  power,  effect  of 

too  high 654 

effect  of  too  low 654 

for  levels 655 

proportional  to  aperture . .  65*4 
relation   to   brightness   of 

image 664 

to  level-bubble. 646,  655,  568 

to  vernier 666,  667 

test  for 667 

transits 655 

non-erecting     eyepiece,     ad- 
vantages of 666 

disadvantages  of 663 

theory  of 650 

object  glass 549 

proportion  of  light  to  size  554 

reason  for  focussing 562 

object  glass  ring 660 

parallax,  how  eliminated ....   655 
percent     of     light     passing 

through  lens 664 

photograph  of 661 

plane  table,  adjustment  of. .  604 
plano-convex    lenses  in  eye- 
piece    5^3 

Porro  telescope 563 

principles  of 667 

prism  for  stadia 663 

proportion  of  light  to  size  of 
object  glasses 654 
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Telescope  (continued)  pagb 

qualities  of 563 

rack  and  pinion  for  focussing.  550 
reason   for   focussing   object 

glass 552 

reticle 550 

ring,  cross  hair 550 

object  glass 550 

sextant,  adjustment  of 605 

size  of  aperture,  test  for 5£6 

size  of  field , . .   5£4 

test  for 516 

size  of    object  glasses,    pro- 

Eortion  of  light  to 554 
.    ericity,  aberration  of 553 

summary  of  principles  and 

defects  in 657 

tests  for 656 

definition 566 

flatness  of  field 566 

rtJAgnifying  power 657 

size  of  aperture 656 

size  of  field 656 

theory  of  erecting  eyepiece. .   552 

lenses 650 

non-erecting  eyepieces. . . .   650 

two  kinds  compart 553 

use  of 227 

variable  power 655 

vernier,  relation  to  magnify- 
ing power 555,  567 

Telescope  level,  adjustment  of.  691 

plane  table,  adjustment 604 

Temperature,     cause   of   error 

in  chaining 40 

Templet  for  pavements 283 

Testing  sensitiveness  of   level- 
bubble 645 

tapes,  method  of 562 

Tests  for  compass 576 

level 671 

plane  table. 677 

telescopes 556 

transits 668 

Theory  of  errors 15 

of  lenses,  (see  also  Lenses) . .   545 

of  sextant 579 

Thermometer,  use  of,  in  meas- 
uring base  line 67 

Three-armed  protractor 462 

Three-point  problem 462 

Thumbscrews,  use  in  leveling.  88 
Tie-lines,  use  in  locating  details.  140 
Time     belts     in     the    United 

States 622 

Time,  converted  to  longitude, 

table  of 648 

of     elongation     of     Polaris, 

table  of 644 

standard 622 

Tinting  the  maps 522 

suggestions  for 449 

Titles,  for  maps 505,  523 

method  of  constructing 525 

for  profiles 636 

for  tracings 623 


Titles  (continued)  paok 

what  should  appear  in 625 

Topographic  maps 338 

requirements  for 503 

''Topographical    drawing    and 

sketching' ' — Reed 623 

Topographic  surveying 6,  337 

angles,     horizontal,     reading 

to  contour  points 343 

book  for  topography 347 

celluloid  sheets,  use  of 348 

choice  of  methods    and   in- 
struments  344 

choosing  stations  for  horiaon- 

tal  control 343 

choosing  stations  for  venrticAl 

control^ 343 

combination  of  methods  and 

instruments 34S 

illustration  of 348 

contour 337 

choosing  intervals 344 

illustrations  of 838 

interpolating 341 

method  of. 343 

interval 337 

lines 338 

located  by  squares 341 

location  of 343 

method  of  locating 343 

points,  elevation  <^ 343 

running  in 346 

use  of 337 

control,  horizontal,  chooemg 

stations  for 343 

methods  of 341 

points  of,  how  established.  340 
control,    vertical,    choosing 

stations 343 

methods  of 343 

points  of,  how  established.  340 
controlling  points  of  contour.  344 

details,  location  of 342 

elevations  of  contour  points.  343 

of  primary  stations 343 

of  traverse  stations 343 

establishing   points    of   con- 
trol  340 

substations 343 

field  notes 346 

field  routine 348 

fundamental     principles     <^ 

contour  lines , 339 

general  method 339 

horizontal  angles,  reading  to 

contour  points. 343 

horizontal  control,   choosing 

stations  for 343  I 

establishing  points 340 

methods  of^ 341 

illustrations  of 348 

illustrations  of  contours 338 

instruments,  choice  of 344 

combination    of    methods 

and 346,  848 

use  of  different 345 
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no  suTvos^inc  pagx 

ttinfi:  a  contour 340 

different    methods  343 

of  contours 341,  342 

ails 342 

irence  lines 341 

of 339 

of... 344 

nation  of,  with  in- 

ments 345,  348 

ntal  control 341 

ig 343 

ig  contours 340 

al  control 343 

ontours 343 

lounted,  use  of 348 

*aphic  plotting 348 

in  the  field 347 

f  control,  how  estab- 

Bd 340 

stations,   elevation 

343 

or,  use  of 348 

horizontal  angles  to 

tour  points 343 

i\  angles  to  contour 

Its 343 

3  lines,  location  of  . .   341 

i  meridian 341 

e 339 

in  a  contour 340 

ses 341 

)uares 341 

g  topography 347 

primary,  elevations  343 

se,  elevations  of 343 

ms,  establishing 342 

)hic  plotting  paper. .   348 
stations,  elevations  343 

),  running 341 

ition 341 

aes 339 

angles,    reading    to 

ir  points 343 

control,      choosing 

ions  for 343 

ishing  points  of 340 

d  of 343 

451 

ileaning    with    ben- 

452 

i  inks,  use  of 452 

ig ».   451 

es ....   452 

ng  figures  or  letters.  451 
y  of,  for  plotting. . . .  485 
in  transferring  maps.  500 

side  to  use 451 

462 

olored  with  pencil.. .  607 

607 

524 

Ig  maps 600 

ee  also  Angles,  meas- 
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accuracy  in  setting  up 89 

adjustments  of 684 

cross  hairs 686 

plate  level 684 

principal 684 

principal  lines 584 

relative  importance  of . . . .   686 

standards 589 

telescope  level 691 

vernier 691 

vertical  circle 691 

alidade 663 

attachments,  special 666 

backsight  and  foresight 90 

balancing  in 93,  201 

construction   requirements. .  667 

of  set  screws 664 

of  tangent  screws 664 

cyclotomio 664 

cross  hairs,  adjustment 686 

deflection  angles,  measuring.     98 

double  centering 93 

double  reverse 92 

eccentririty,  test  for 668 

errors  in  setting  up 104 

errors,  source  of •••     96 

foresight,  permanent 91 

graduation,  limb 67 

test  for 568 

horizontal    angles,    measur- 
ing  93,    95 

to  turn  off 99 

horizontal  plates •     07 

inner  spindle 663 

laying  off  an  angle  by  repe- 
tition    101 

leveling  head 563 

leveling  up 89 

limb 663 

limb  graduation 67 

system  of  numbering 67 

line  of  sight,  to  get  quickly. .     86 

lining  in 91 

lower  plate 563 

manipulating  the  tripod 88 

measuring    angles,  at  fence 

comer 202 

by  repetition 99 

by  series 100 

measuring  deflection  angles .     98 

horizontal  angles 93,     96 

vertical  angles 98 

mistakes  in  reading  angles. ..     98 
numbering  limb  graduations.     67 

orienting 126 

outer  spindle 663 

permanent  backsight •     90 

foresight 91 

photograph  of 565 

plate  levels,  adjustments  of.  584 

plates,  horizontal 67 

lower  and  upper 563 

vernier 663 

plumb-bob,  use  of 85 

precautions  in  using 84 
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Transit  (continued)  page 

principal  adjustments. 584 

parts  of 563 

prolonging  a  straight  line... .     92 
reading    angles,  mistakes  in .     98 

suggestions  for 96 

bearings 101 

reading  glass,  use  of 98 

relative    importance    of   ad- 
justments  584 

referencing  a  line 203 

a  point 203 

station 203 

requirements    for    construc- 
tion  667 

reverse,  double. 92 

reversing    in    azimuth    and 

altitude 92 

the  telcsccpe » 86 

8et-«crews,  construction  of.. .  564 

setting  up. 86 

errors  in 104 

setting  the  remier 94 

several    angles    from    same 

backsight 94 

sliding  knot,  how  to  tie 85 

sources  of  error  in  measur- 
ing angles 96 

special  attachments 566 

(pee  also  Solar  attachment; 
Gradienter;  Telescope;  Eye- 
piece, prismatic;  Reflector, 
Compass  -  needle ;     Stadia 
wires). 

spindle,  inner  and  outer 563 

standard 563 

standards,  adjustment  of.. . .   589 
suggestions  for  reading  an- 
gles      96 

supporting  axis 563 

system    of   numbering   limb 

graduations 67 

tangent     screws,  •   construc- 
tion of 564 

telescope,  magnifying  power 

for 555 

use  of 85 

telescope    level,    adjustment  591 

tests  for 568 

eccentricity  of 568 

graduation  of 568 

tripod,  manipulating 88 

turning  of  horizontal  angles.     99 

upper  plate 563 

use  of. 84,  201 

backsight  and  foresight. . .     90 
finding  intersection  of  two 

straight  lines 202 

get  line  of  sight  quickly. .      85 

leveling  up 89 

lining  in 91 

measuring  angle  of   fence 

corner 202 

manipulating  the  tripod..  •     88 

permanent  backsight 90 

foresight 91 


TRANsrr  (continued) 

plumb-bob 

pre  autions 

reading  glass 

referencing  a  Une. ....... 

a  point 

reversing  the  telescope... 

setting  up,  accuracy 

suggestions  for 

sightmg  parallel  to  give 
line 

tying  sliding  knot 

upper  and  lower  clamps.. 

using  telescope. 

thumbscrews 

Talue  of  level-bubble  for. . . 
vernier ,    H 

adjustment  of 

setting , 

suggestions  for  using 

vernier  plate 

vertical  angles,  measuring. . 

vertical    circle,     adjustmen 

Transit    angle,    definitio 

of. 

Transit  lines  (see  also  Tntverse' 
advantage  of  repeating  ani^ 

in  running 

angle  definition 

angles,  runnine  by 

application   oi  latitudes  an 

departures. ••...... 

azimuth  or  bearing  of   firs 

line 

azimuth   method   of    run- 
ning  12C 

advantages  of. . , 

comparison  of 

method  of  procedure 

outline  of 

bearing  of  first  line 

bearings,  calculated,  running 
,        '^y  •••••••••....».,  i2u 

calculation  of 

running  by 

advantages  of  method, 
calculated  bearings,   runnini 

by   ....•••1-. 126 

calculation  of  bearings , 

choosing    methods    of    run 

ning 

comparison  of  methods  oj 
running , 

by  azimuths 

definition  of 

deflection  angles,  runnlni 
by 

advantages  of  method. . . . 

method  of  procedure 

details,  use  of.  in  locating. . . 
direct  angles,  running  by.. .. 

advantages  of  method. . . . 

method  of  procedure. 

how  to  run 

latitudes  and  departures,  ap- 
plication of 


TRA 


INDEX 


79 


Transit  lines  {contimied)  page 

methods  ot  running.116,119,151 
by  angles  and  calculated 

bearings 126 

by  azimuths.120,122,128, 156 

by  bearings 125,  129 

by  calculated  bearings. .    129 

choice  of     151 

comparison  of 127 

by  deflection  angles  120,  128 

155 
by  direct  angles  120, 127.  154 

quadrant  method 156 

plotting  (see  Traverses) 
running,  advantage  of  re- 
peating angles 130 

summary  of  method. .    .   130 

sketch  of 390,  392 

Transit  party,  axeman 163 

chainman 162 

chief  of  party 161 

flagman.    163 

note-keeper 161 

transit-man 162 

Transit  station,  definition  of.  IIG 

referencing 203 

Transit  survey,  methods  of 

working 132 

Transit  surveying,  alignment, 

obstacles  to 220 

angles,  checking    173 

clouble,  form  for 152 

single,  form  for 170 

arc  of  a  circle,  to  run  in...   204 
axeman,  equipment  for. . .   145 

azimuths,  form  for 174 

balancing-in  the  transit. . .   201 

base-line,  broken 204 

bearings,  form  for 175 

boundary  survey 150,  176 

broken  base-line 204 

buildings,  survey  of.. .  159,  180 
chainman,  equipment  for..    145 

checking  angles. 152 

chief  of  party,  equipment  145 

city  survey 189 

combination     method     of 

keeping  notes 166 

comparison     methods     of 

running  transit  lines, . .    151 
crowding  of  notes,  to  avoid  167 
details,   method   of  locat- 
ing    156 

dimensions,  where   to  put 

in  fleld  notes 166 

distances,  form  for 170 

driving  guard  stakes 147 

duties  of  members  of  tran- 
sit party 161 

equipment  for ...   146 

axeman  and  flagman. .  .   145 

chainman 145 

chief  of  party 145 

note-keeper 145 

transitman 145 

error,  limits  of 159 


Transit  surveying  (ooniinued)  pack 
errorof  closure,  permissible  16U 
establishing     station, 

methods  of IVt 

excavations,    staking    cut 

work  for 1 5f 

field  notes 159.   1G4 

combination  method  ot 

keeping 16€ 

diff"erent  forms  of    tab- 
ulated    icg 

economical  forms  of . . . .    164 

^neral  form  of 165 

illustrations  of . 175 

methods  of  keeping 164 

pertaining     to      transit 

lines.   165 

repeated      in     diJBferent 

pages 167 

sketch  method  for 165 

tabulated   without 

sketch,  forms  of 105 

transit  line,   method   of 

distinguishing 105 

wliat   notes   should    in- 
clude....     107 

when  notes  should  read 

upward 1C6 

where  to  put  dimensions 

in 106 

field  work 145 

effect  of  choice  of  sta- 
tions on 150 

relation    to   office  work  151 

relation  to. 149 

flagman,  equipment  for  . .    145 

form  for  azimuths 174 

bearings 175 

double  angles 173 

single    angles    and    dis- 
tances    1 70 

forms  of  notes,   economi- 
cal    164 

general 165 

tabulated 169 

withoK  a  sketch 165 

formulas    for     permissible 

error  of  closure. ......    161 

guard  stakes 147 

driving 147 

numbering . .    147 

height  of  inaccessible  point, 

to  measure 222 

highways,  survey  of 184 

illustrations  of  held  notes.    175 
inaccessible  points,  to  meas- 
ure between.^ 222 

to  measure  height  of . . .    222 

to  measure  to 222 

instruments     and     equip- 
ment     145 

judgment,  questions  of      .  118 
land  and  building  survey  .   180 

lettering  stations. 147 

limits  of  errors  in 159 

line,  to  run  between  two 


792 


INDEX 


TIU 


XBAitnT  Furveyiag  ieontinuedS  paos 
points   throi^   an   ob- 
stacle  221 

locating:    points    in    water 

witb  two  transits 203 

street  lines. 158 

transit  stations 148 

loc»ition  of  stakes,  planning  159 
iransit    stations,  choos- 
ing     150 

marking  stakes 147.  159 

masonry  structures 159 

method  of    distinguishing 

transit  line  notes 165 

establishing  station 147 

Eeneral 146 
eepLng  notes 164 

locating  details 156 

procedure     in     running 

transit  lines 153 

running  transit  lines. . . .  151 
measurements  of  inaccessi- 
ble points 223 

obstacles  to 222 

iiote-keQ>er,    equipment 

for 146 

notes  (see  Field  notes). 

needed  for  plotting 167 

for  record 167 

numbering  guard  stakes. .   147 

points  on  sketch 166 

stations 147 

obstacle,     to     prolong 

straight  line  through...  220 
to  run  line  between  two 

points  through 221 

obstacles 148,  219 

to  alignment  in 220 

to  measurements  in ... .  222 

office  work,  relation  to 149 

relation  to  field  work. . .   151 

parallels 224 

permissible   error   of   clo- 
sure    160 

perpendiculars 224 

plotting,  notes  needed  for.  167 

pocket  equipment  for 145 

points,  inaccessible 222 

points  In  sketch,  number- 
ing   166 

points  on  water,  to  locate 

with  two  transits. . . .  203 
problems  in  triangulation.  219 
prolong    straight    line 

through  obstacle 220 

purpose  of  survey 148 

record,  notes  needed  for.. .   167 

referencing  stakes 159 

station 148 

relation  between  field  work 

and  office  work 151 

to  field  work 149 

to  office  work 149 

repeating  notes  on  differ- 
ent pages 167 

rup-in  an  arc  of  a  circle. . .   204 


TRAHsn  surrejinc  (nrmffwiMi)  pab 
running  a  line  througjh  aa 

obstacle 221 

running  tranait  Uaea 151 

signals 141 

sketch    method    for    fidd 

notes 16S 

sketdi.  numbering  pofaktaia  IM 

of  transit  line.... M....  168 

epecial  work. Ml 

stakes,  planning  looUkm  of  191 

marking 147»  ISI 

rrferencinc VS9 

staldng  out  woilc 156 

stations,    effect    on    fteid 
work  of  choice  of  ... .  150 

numberins    and    letter- 
ing  147 

methods  of  establisliiiis.  147 
referencmf .  ....•••.•.•  146 

street  lines,  Tocatins 158 

saggestionB     for    nmoii^ 

transit  fines Ul 

for  staldnK oat  work....  156 

sunrey.  boundary 150^  171 

city 189 

hil^wayB 164 

land  and  buOdinsB 180 

purposeof... 148 

system    of    stakiDC    oat 

work 150 

tabulated  notes,  different 

forms  €i 169 

things  to  make  clear  in. . .  166 
transit   Hnes.    general 

sketch  of 168 

methods  of  running 151 

method   of  distingnisli- 

ing  notes 165 

notes  pertaining  to 165 

transitman,     equipment..  145 

transit  pcrty 145 

duties  of  members  of . . .  161 

transit  stations |46 

choosing  location  of . . . .  150 

locating •••..  148 

referencing 148 

triangulation,  mroUiBms  in.  210 
uniform  system  of  stak* 

ing  out  worit. 156 

Transit  traverse  (see  miaoTn' 

verse  lines) HO 

Transiting  the  telesoope 86 

Trapizium,  area  of 407 

Trapezoid,  area  of 407 

Trapezoidal  rule  for  areas 411 

Traverses,  closed 118 

comparison   of   methods   of 

plotting 475 

error  of  closure 110 

explanation  of 117 

five  methods  of  plotting 401 

methods  of  plotting...^   .46i3,  400 

by  azimuth 471,  484 

by  bearings 471 

by  ch<Hd  metliod 484 
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Traverses  (continued)  paor 

methods  of  plotting  by  lati- 
tude and  departures, 

472,  474,  484 

checks 474 

illustrations  of 474 

by  tangent  method. 484 

running,  m  topographic  sur- 
veying  341 

Traverse  boards 318,  577 

Traverse  lines,  checks  for. 465 

importance  of,  in  plotting. . .  463 

plotting  by  bearings 467 

by  chord  method 465 

by  deflection  angles 466 

by  direct  angles 464 

by  tangert  method. 465 

Traverse  stations,  elevations 

of ,  in  topographic  surveying  343 
Traverse  tables,  Boileau's. ....  387 

Triangles,  area  of 407 

astronomical 620 

proportions  of 219 

testing 430 

use  of. 438 

Triangulation,   angles,   adjust- 
ment of :•.•••••   1®® 

maximum   and   TninimnTn 

size ; 191 

measuring 194,  218 

which  to  measure 194 

baseline,  apparatus  for  meas- 
uring     194 

broken 193 

choosine  location  of 193 

efiTect  of  error  in  measure-  } 

inent 192 

lettgth  of 194 

principal  measure 194 

transferred  or  expanded.. .   193 

for  bridge  piers 216 

choice   of   location   of   base 

line 193 

stations 192 

conditions  for 192 

curvature    of    earth,     error 

from  neglecting 191 

definition  of 118,  191 

diameter  of  mast  for  signal. .   199 

eccentricity  of  stations 199 

embrs^  effect  of,  in  measure- 

^thent  of  base  line 192 

fitim  neglecting  curvature 

of  earth 191. 

from  poorly  proportioned 

triangles 191 ' 

limits  of 199 

reducing  in  measurement 

of  angles 192  . 

sources  of 191 

favorable  conditions  for 193 

field  notes  for 198 

general  method  of 191 

limits  of  errors ". .    199 

expanded  base  line ;   193 

lezigth  of  base  line 194  ' 


Triangulation  (continued)      paob 
maximum      and      minimum 

size  of  angles 191 

measurement  of  angles 218 

form  of  notes  for 196 

^neral  methods  of 194 

illustration  of 196 

method  of  procedure 195 

method  of  repetition 195 

reducing  errors  in 192 

which  angles  to  measure. .    194 
measurement  of  base  line,  ap- 
paratus for 194 

eflfect  of  error  in 192 

principal 194 

net  work  of  trianj^les 191 

notes,  forms  of   in  measure- 
ment of  angles 196 

principal  measure  of  base  line  194 

problems  in 219 

proper  diameter  of  mast  for 

signal 199 

reducing  errors  in  measure- 
ment of  angles 192 

requirements  for  stations. . . .   192 

signals 192 

for  stations 198 

proper  diameter    of  mast  199 

sources  of  error 191 

stations,  choice  of 192 

eccentricity  of 199 

requirements  for 192 

signals  for 198 

transferred  base  line. 193 

triangles,  network  of 191 

poorly  proportioned,  error  191 

unfavorable  conditions  for...  191 

Triangulation  net,  plotting. . . .   493 

Trigonometer,  description  of.. .  383 

Trigonometric  formulas 640 

leveling 200,  243,  264 

accuracy  of  method 264 

use  of  stadia  methods.  305,  308 
relations    between    bearing, 
length,    latitude    and    de- 
parture    400 

'   tables,  numbering  of  places 

used. . .  w 375 

in  office  computations 373 

Trigonometrical    principles    of 

cun''es 204 

Tripodj  care  of 617 

,   for  compass 576 

sugges^ions  for  manipulating.     88 
Tripod  head  for  plane-table.. . .   577 
supports,,    use    in    chaining 

base  litie 58 

True  bearing  of  a  line 112 

error  of  measurement 9 

meridian 359 

Truncated  prism,  definition  of.  429 

T-square,  testing  edge  of 438 

use  of 438 

Tunnel,  to  give  lines  for 215 

Turnbuckles,  use  of  in  chaining 

base  line ^% 
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PAGE 

Turning  points 238 

in  leveling 252 

Units  of  measurement  in  sur- 
veying        3 

Upper  plat  3  of  transit 563 

Ursa  Major 355 

Ursa  Minor 355 

Use  of  drawing  instruments.. . .   438 

Value    of    a    quantity,    most 

probable 15 

Values  of  measurements 13 

Values     numerical,    in    field 

notes 21,  22 

Vara,    unit    of    measurement; 

equivalents 3 

Variations   of    declinations    of 

magnetic  needle 541 

of  magnetic  needle,  table  of.  643 

Vaseline,  use  of 618 

Vernier 538 

adjustment  of 591 

cleaning 612 

danger  points  in  reading. . . .  539 
determining  the  least  count..     76 

direct 540 

double,  how  to  read 76 

folded 83 

how  to  read 76 

illustrated 77.  538 

least  count  of 538 

to  determine 76,  540 

leveling  rods 540 

mistakes  in  reading 77 

mistakes  in  setting 75 

principle  of 538 

reading 76,  539 

danger  points  in 539 

mistakes  in 77 

to  minutes 78 

30  seconds 80 

20  seconds 91 

10  seconds 82 

relat  ion  to  magnifying  power 

of  telescope 555 

retrograde 83,  540 

how  to  read 540 

on  leveling  rods 5'0 

setting 94 


Vebnier  (continued)  page 

8etting,mistakes  in 75 

on  sextants 83 

special  forms  of 83 

suggestions  for  usins M 

Vernier  arm  for  sextant 578 

Vernier  compass 576 

Vernier  plate  for  transit 563 

Vernier  target 572 

Vertical  angles,  measuring 98 

with  sextant 579 

Vertical  circle,  adjustment  of. .  591 

plane-table 604 

Vertical  control,  choosing  sta- 
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PREFACE. 


This  book  of  exercises  is  intended  for  use  in  connection  with 
the  author's  book  on  ''Plane  Surveying."  Part  I  consists  of 
exercises  in  field  work  grouped  according  to  the  nature  of  the 
work.  Part  II  consists  of  exercises  in  ofl&ce  computations  and 
in  plotting.  (See  page  1 10.)  The  whole  constitutes  a  thorough 
introductory  course  in  fundamental  principles  and  methods.  So 
far  as  the  author  is  aware,  this  is  the  first  attempt  to  offer  a 
"collection  of  problems  in  both  field  work  and  office  work,  and 
the  first  book  of  exercises  to  be  published  for  use  in  connection 
with  a  text-book. 

The  author  is  convinced  from  his  own  experience  that  the  most 
effective  course  in  field  work  is  not  that  in  which  the  chief  aim 
is  to  make  a  complete  survey  of  a  more  or  less  extensive  territory. 
On  the  contrary,  much  time  may  be  lost  in  undertaking  work  for 
which  the  student  is  not  prepared,  and  still  more  may  be  wasted 
in  requiring  the  student  to  repeat  the  same  kind  of  work  day 
after  day  merely  to  cover  a  given  amount  of  territory.  It  is  far 
better  to  begin  with  a  systematic  course  of  exercises  which  shall 
serve  not  only  as  a  preliminary  drill  in  the  use  of  instruments, 
but  also  as  a  careful  study  of  the  various  methods  which  underlie 
all  surveying.  Not  only  will  the  student  be  better  prepared  for 
subsequent  courses  in  municipal,  mining,  railway  and  geodetic 
surveying,  but  the  effect  of  such  a  thorough  introductory  course 
will  be  felt  after  graduation  in  whatever  kind  of  surveying  he 
may  be  engaged.  For  this  reason  such  a  course  may  well  extend 
over  the  first  two  college  years. 

A  feature  of  this  book  will  be  found  in  the  questions  suggested 
for  discussion  at  the  end  of  nearly  every  exercise.  Some  years 
ago  the  author  adopted  the  practice  of  holding  quizzes  in  the  field 
in  connection  with  each  new  piece  of  work.  For  example,  ah 
instructor  has  charge  of  a  small  squad  of  men  to  whom  problems 
in  chaining  have  been  assigned.  As  soon  as  the  work  is  finished, 
he  gathers  his  men  about  him,  and  questions  them  on  various 
matters  pertaining  to  chaining,  such,  for  example,  as  the  use  of 
the  steel  tape,  the  sources  of  error,  different  methods  of  doing  the 
work  just  completed  and  the  advantages  and  disadvantages  of 

•  •  • 
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these  methods.  In  some  other  part  of  the  field  another  instructor 
may  be  holding  a  similar  quiz  on  leveling  or  on  transit  work. 
These  quizzes,  if  properly  conducted,  often  develop  into  interest- 
ing discussions  in  which  many  important  points  are  brought  out 
that  would  entirely  escape  the  student  if  he  were  merely  required 
to  do  the  field  work  assigned.  Moreover,  the  student  may  be 
expected  to  take  his  text-book  into  the  field  with  him,  and  to 
spend  such  spare  time  as  he  may  have  in  looking  up  answers  to 
questions  which  he  knows  will  be  asked  at  the  end  of  the  exercise. 
A.  great  deal  of  the  recitation  work  usually  held  in  the  class-room 
will  be  much  more  effective  if  it  is  transferred  to  the  field  in  this 
way.  If,  however,  it  is  found  inexpedient  to  hold  these  quixze^ 
and  discussions  in  the  field,  the  questions  may  still  be  used  by  the 
earnest  student  to  develop  his  knowledge  of  the  subject.  They 
should  prove  particularly  valuable  to  young  men  in  practice  who 
are  seeking  to  perfect  themselves  in  the  art  of  surveying. 

In  most  courses  it  probably  will  be  found  necessary  to  omit 
some  of  the  exercises  given  in  this  book.  It  is  suggested,  how- 
ever, that  the  student  be  held  responsible  for  answers  to  the 
questions  in  the  omitted  exercises,  and  that,  if  possible,  these 
questions  be  made  a  basis  for  class-room  discussion. 

Unless  otherwise  stated,  all  paragraph  and  page  references  are 
o  the  author's  text-book  and  not  to  this  book. 

JOHN   C.   TRACT. 
SJew  Haven,  Connecticut. 
June,  1909. 
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Exercises  in  Plane  Surveying. 


PART  I. 

FIELD  WORK. 


GROUP  E. 

INTRO£>UCTORY  EXERCISES. 

This  group  of  exercises,  consisting  principally  of  questions  for  class-room 
discussion,  are  intended  to  cover  those  fundamental  principles  and  methods 
which  the  student  should  know  before  beginning  field  work.  The  exercise 
on  single-stroke  lettering  is  inserted  for  the  benefit  of  students  who  have  not 
had  a  systematic  course  in  freehand  lettering. 

Exercise  E-1. 

Definitions,  Fundamental  Principles  and  General 

Methods. 

Reference:  Chapter  I,  pp.  1-8. 

Qiiestions:  1.  What  is  meant  in  geodesy  by  the  earth's  sur- 
face? p.  1.  2.  When  is  it  necessary  to  make  this  distinction 
in  ordinary  surveying?  3.  What  is  the  shape  of  the  earth's 
surface?  4.  What  is  the  average  radius?  5.  What  is  the 
difference  in  lengths  between  the  long  and  short  axes,  expressed 
in  miles?  6.  What  is  meant  by  sea-level,  and  how  can  it  be 
determined  at  any  given  place?  7.  Define  horizontal  plane; 
vertical  plane.  8.  What  is  the  difference  between  a  horizontal 
plane  and  a  level  surface?  9.  What  is  the  significance  of  the 
two  terms  "plane"  and  "geodetic"  as  applied  to  surveying? 
p.  2.  10.  What  is  the  approximate  curvature  of  the  earth's 
surface  per  mile?  11.  How  large  an  area  may  be  covered  by 
the  methods  of  plane  surveying  without  involving  appreciable 
errors?  12.  Give  the  approximate  difference  in  length  between 
the  arc  on  the  earth's  surface  and  a  straight  line.  13.  What 
four  kinds  of  measurements  are  made  in  plane  surveying? 
(Illustrate  by  means  of  a  sketch.)     14.  li  a  lairxi  \a  ^xw  ^  «A^ 
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hill,  would  a  map  of  that  farm  show  the  actual  area  of  the  surface? 
15.  What  are  the  units  of  linear  measiirement  used  in  surveying 
in  the  United  States?  p.  3.  16.  What  are  the  units  of  angular 
measurement?  17.  In  making  certain  kinds  of  surveys,  as 
for  example,  a  survey  for  an  architect,  is  it  ever  customary  for 
the  surveyor  to  measure  in  feet  and  inches?  18.  What  is  a 
convenient  method  of  converting  hundredths  of  a  foot  to  fractions 
of  an  inch?  19.  From  the  table  on  page  650,  change  6  feet 
4i  inches  to  feet  and  decimals  of  a  foot.  20.  What  is  the 
standard  yard?  p.  3.  21.  In  this  country  where  may  a  steel 
tape  be  sent  to  be  compared  with  a  standard  length?  p.  561. 
22.  What  is  the  equivalent  of  one  metre  in  feet?  p.  3.  Wliat 
is  the  equivalent  of  one  vara  in  inches?  ^  23.  What  othor  units 
of  measurements  are  sometimes  used?  24.  Why  was  66  feet 
adopted  as  the  length  of  Gunter's  chain?  25.  How  would  you 
record  eight  chains,  six  links?  p.  33,  §  49.  26.  Reduce  sixty 
links  to  feet?  27.  Explain  the  method  of  locating  a  given 
point  with  reference  to  two  other  points  by  linear  measurements 
only.  p.  4.  28.  Explain  two  methods  of  locating  a  point  by 
angle  and  distance.  29.  Explain  the  method  of  locating  a 
point  by  angles  only.  30.  Explain  two  other  methods  of 
locating  a  point.  31.  Into  what  three  parts  may  the  work  of  a 
surveyor  be  divided?  p.  5.  32.  Of  what  does  the  field  work 
consist?  33.  Of  what  does  the  office  work  consist?  34.  Name 
some  of  the  important  questions  in  surveying  which  arise  in 
connection  with  field  work.  p.  6.  35.  Explain  by  diff^ient 
illustrations  how  the  purpose  of  a  survey  helps  to  decide  some 
of  these  questions.  36.  What  can  you  say  regarding  limits 
of  error  and  consistent  accuracy?  p.  7.  37.  Upon  what  does 
speed  depend?  p.  8.  38.  How  does  system  in  surveying  diminish 
the  chances  of  error? 
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Exercise  £  -2, 

General  Discussion  of  Errors. 

Reference:  Chapter  II,  pages  9  to  19. 

Questions:  1.  What  is  the  true  error  of  any  measurement?  p.  9. 
2.  Why  is  the  true  error  never  known?  3.  In  general,  what  are 
the  three  sources  of  error?  4.  What  are  the  three  classes  of 
error?  5.  Explain  carefully  the  difference  between  constant 
errors  and  accidental  errors,  p.  10.  6.  Can  the  constant  error 
involved  in  any  measurement  be  reduced  by  repeating  the 
measurement  a  number  of  times  and  taking  the  mean  of  all  the 
measurements?  7.  What  is  the  object  in  repeating  the  measure- 
ments and  taking  the  mean?  8.  Give  a  few  illustrations  of 
what  is  meant  by  mistakes;  accidental  errors;  constant  errors? 
9.  Why  may  variations  in  sources  of  constant  error  be  classed 
as  accidental  errors?  p.  11.  10.  How  may  constant  errors  from 
different  sources  tend  to  balance  each  other?  11.  How  may 
constant  errors  from  the  same  source  tend  to  balance  each 
other?  12.  Explain  the  difference  between  cumulative  and 
compensating  errors.  13.  Explain  the  difference  between 
discrepancy  and  error.  14.  How  can  the  discrepancy  between 
two  measurements  be  small  yet  the  error  large?  p.  12.  15.  What 
can  you  say  as  regards  the  elimination  of  constant  errors? 
16.  How  may  mistakes  be  eliminated?  17.  Illustrate  how 
constant  errors  may  be  eliminated.  18.  How  may  accidental 
errors  be  reduced?  p.  13.  19.  What  can  you  say  as  regards  the 
relative  importance  of  errors  from  different  sources?  20.  What 
is  meant  by  an  appreciable  error?  21.  What  is  the  most 
probable  value  of  a  quantity,  when  several  measurements  have 
been  made  of  that  quantity?  22.  When  the  sum  of  several 
measurements  should  equal  the  exact  quantity,  how  is  the  true 
error  distributed?  p.  14.  23.  If  the  triLe  error  of  a  measurement 
is  never  known,  how  can  the  error  of  1'  or  60",  in  the  illustration 
on  page  14,  Case  1,  be  called  a  true  error?  24.  Explain  by 
illustration  how  the  discrepancy  should  be  distributed,  when 
the  sum  of  several  measurements  should  equal  some  other 
measurement.  25.  Why,  in  Case  2,  p.  14,  is  the  term  **  discrep- 
ancy" used  instead  of  "error"? 

Qu^tions  on  the  Method  of  Tjeast  Squares:  26.  What  use  is 
made  of  the  method  of  least  squares?  p.  15.     IT .  A3^qvv  Voaiw 
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aasumption  is  this  method  based?  28.  How  do  the  conditMOS 
in  practice  differ  from  those  of  the  assumption?  29.  What 
effect  has  this  on  a  most  probable  value  of  a  quantity  as  deter- 
mined by  the'  method  of  least  ^uares,  and  how  may  the  prob- 
able value  be  made  to  approach  the  true  value?  30.  Define 
residual;  pro^^ble  error.  31.  In  sur^-eying,  what  use  is  made 
of  most  probable  values;  probable  errors?  32.  Illustrate  bow 
by  comparing  the  probable  errors  of  the  means  of  two  sets  of 
observations,  the  precision  of  one  mean  may  be  compared  widi 
that  of  the  other,  p.  16.  33.  Explain  the  use  made  of  the  pnb- 
able  error  of  a  single  observation.  34.  How  can  the  weights 
which  should  be  given  to  different  sets  of  observations  be  found 
from  the  probable  orors?  35.  Upon  what  three  aasamiytionf 
are  the  formulas  for  calculating  probable  ernNB  based?  p.  17. 
36.  What  additional  point  should  be  kept  in  mind?  37.  In 
order  that  probable  errors  may  be  of  any  ngnificance,  what 
precautions  must  be  taken?  (See  Remaric,  p.  17.)  38.  Two 
chainmen  measure  a  line  six  times  with  the  following  results 
in  feet:  314.124,  314.130,  314.133,  314.128,  314.136,  and  314.131. 
Two  other  chainmen  measure  the  same  line  with  the  following 
results  in  feet:  314.134,  314.124,  314.138,  314.122,  314.131,  and 
314.122.  What  is  the  relative  precision  of  the  work  of  the 
two  pairs  of  chainmen?  (See  illustration,  p.  19.)  39.  An 
angle  Ls  measured  with  a  transit  eight  different  times.  The 
degrees  and  minutes  being  the  same  but  the  seconds  varying  as 
follows:  2(f,  W,  3(r,  KT,  2(r,  5(r,  30*,  and  4(r.  The  same 
angle  was  measured  with  another  transit  with  the  fc^owing 
result:  4(r,  2(f,  2(r,  3(r,  W,  30*,  3(r,  and  4Xf.  Other  thin^i 
being  equal,  which  is  the  better  instrument?  What  d^ree  of 
precision  may  he  expected  for  each  instrument  in  measurinig  a 
given  angle  under  conditions  similar  to  those  prevailing  when 
the  above  angles  were  measured? 
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Exercise  E-3. 
General  Discussion  of  Field  Notes. 

Reference:  Chapter  III,  pages  20  to  30. 

Questions:  1.  What  are  field  notes?  2.  What  can  you  say 
as  regards  methods  of  keeping  liotes?  3.  Give  general  sugges- 
tions for  keeping  notes,  p.  21.  4.  Into  what  three  parts  may 
field  notes  be  divided?  5.  Give  general  suggestion  for  record- 
ing numerical  values,  p.  22.  6.  Give  general  suggestions  for 
making  sketches,  p.  23.  7.  Give  general  suggestions  concerning 
explanatory  notes.  8.  What  style  of  lettering  should  be  used? 
p.  24.  9.  What  is  a  good  height  for  letters?  p.  29.  10.  How 
should  the  letters  be  spaced?  11.  Give  additional  suggestions 
for  taking  notes,  p.  29.  12.  Discuss  special  directions  for  class 
work.  p.  30. 

Exercise  E-4. 
Single  Stroke  Lettering. 

Reference:  Article  38,  pages  24  to  30. 

Directions:  In  this  exercise  use  a  4H  pencil  and  smooth  white 
paper  with  hard  surface.  Sharpen  the  pencil  to  a  fine  point. 
At  first,  draw  a  bottom  guide  line  for  letters;  later,  practice 
lettering  without  a  guide  line.  In  forming  the  various  letters 
and  figures  pay  particular  attention  to  the  direction  and  sequence 
of  the  strokes  in  each  letter  and  learn  the  peculiar  characteristics 
of  each.  The  stem  of  a  letter  which  extends  above  or  below 
the  body  of  the  letter  should  not  be  made  too  long  —  a  common 
mistake. 

(a)  Print  the  entire  alphabet  of  lower  case  letters,  grouping 
them  in  five  groups  :  adgq,  bp,  ceos,,  hmnu,  and  fijklrtvwxyz. 
(See  p.  25.)     Repeat  this  exercise  several  times. 

(6)  Print  the  capital  letters  of  the  alphabet,  grouping  them  as 
foUows:  EFHIKLMNTZ,  AVWXY,  BPR,  CGOQ,  and  SJDU. 
(See  p.  28.)     Repeat  this  exercise  several  times. 

(c)  Practice  making  the  numerals  from  1  to  0.  (See  p.  27.) 

{d)  Rule  bottom  guide  lines  about  a  quarter  of  an  inch  apart, 
and  print  in  single  stroke  lettering,  with  the  letters  spaced  as 
closely  together  as  possible,  the  introductory  note  on.  qqj^ 
XXVII. 


GROUP  C. 

EXERCISES  IN  CHAINING. 

The  first  six  exercises  of  this  group  oifer  the  student  an  opportunity 
to  form  correct  habits  in  the  use  of  the  steel  tape,  and,  by  a  study  of  the 
sources  of  error,  to  learn  what  precautions  must  be  taken  to  attain  a  given 
degree  of  precision.  The  remaining  exercises  involve  special  problems  in 
chaining,  most  of  which  are  based  on  well  known  geometric  constructioDS. 
If  it  is  necessary  to  omit  any  of  these  latter  problems  in  the  fidd,  the 
omitted  problems  may  be  given  in  the  class-room  as  blackboard  exerdam, 
and  the  corresponding  questions  discussed  by  the  class. 

Exercise  ic-l. 
Reading  a  Chain  Tape. 

References:   Page  32,  §  48;  p.  33,  §  50  (a)  (b)  (c)  (d). 

Equipment:   Chain  tape  and  chain  pins. 

Directions:  1.  On  a  level  piece  of  ground,  stick  two  chain  pins 
at  random  about  50  feet  apart.  2.  Measure  the  distance  between 
these  two  pins  to  the  nearest  tenth  of  a  foot.  3.  Repeat  the 
measurement,  the  two  chainmen  interchanging  positions. 

Qtiestions:  1.  Why  should  the  chainman  at  the  end  of  the 
tape  make  the  final  reading?  §  50  (c).  2.  Why  should  the  other 
chainman  read  the  number  on  each  side  of  the  required  reading? 
p.  33.  3.  What  kind  of  tape  may  be  used  to  render  these  p^^ 
cautions  unnecessary?  §  50  (d).  4.  Does  the  surveyor  uae 
decimal  parts  of  a  foot  or  inches?  p.  3.  5.  When  would  it  be 
desirable  to  use  a  tape  graduated  to  inches?  6.  Are  linear 
measurements  in  surveying  ever  made  along  an  inclined  surface? 
p.  2.  7.  What  is  the  equivalent  of  one  vara  in  inches?  p.  3. 
8.  What  is  the  equivalent  of  one  meter  in  feet?  p.  3.  9.  What 
other  units  of  measurements  are  sometimes  used?  p.  3.  10.  Why 
was  66  feet  adopted  as  the  length  of  Gunter's  chain?  p.  3. 
11.  What  is  a  convenient  method  of  converting  hundredths  of  a 
foot  to  fractions  of  an  inch?  p.  3.  12.  What  is  the  di fference be- 
tween Gunter's  chain  and  an  Engineer's  chain?  p.  559.  13.  How 
would  you  record  10  chains  7  links?  p.  33,  §  49.  14.  Compare 
the  three  kinds  of  tapes,  p.  559.  15.  What  are  the  relative 
merits  of  a  chain  and  a  tape?  Remark,  p.  33.  16.  Describe  the 
different  kinds  of  steel  tapes,  and  the  standard  methods  of  gradu- 
%ting  tapes,  pp.  560,  561. 
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Exercise  C-2. 

Chaining  Distances  Greater  than  the  Length 

of  the  Tape. 

References:  Page  34,  §  50  (e)  and  (f),  §  51  and  §  52 ;  p.  37,  §  56, 
1-12. 

Equipment:  Two  range  poles;  steel  tape  and  chain  pins. 

Directions:  1.  Ascertain  just  what  points  to  take  for  the  ends 
of  the  tape.  2.  Set  two  chain  pins  about  300  or  400  feet  apart 
on  comparatively  level  ground.  3.  Chain  the  distance  between 
these  two  pins.  4.  Repeat  the  measurement,  the  two  chainmen 
interchanging  positions.  By  means  of  the  tape  tables  on  pages 
48  and  49  ascertain  whether  the  discrepancy  between  the  two 
measurements  indicates  poor  work  or  good  work. 

Suggestions:  Special  attention  should  be  paid  by  the  instructor  to  the 
method  of  sticking  the  pins  as  this  is  usually  the  source  of  greatest  error  on 
level  ground.  Insist  on  the  use  of  signals,  page  35,  and  caution  men  in 
regard  to  pulling  up  pins  that  mark  the  ends  of  a  line. 

Questions:  1.  What  is  the  approximate  pull  used  in  ordinary 
chaining?  p.  42,  §  65.  2.  Why  should  the  pins  be  stuck  at  right 
angles  to  the  line?  3.  How  are  the  pins  used  to  keep  count  of  tape 
lengths?  4.  How  can  the  head  chainman  keep  himself  approxi- 
mately in  line?  5.  In  accurate  work  what  precaution  should  be 
taken  after  each  pin  is  stuck?  p.  37,  §  56  (12).  6.  If  there  is  a 
slight  difference  between  the  first  and  second  measurements  of  the 
line,  what  is  this  difference  called?  p.  11,  §  20.  7.  If  this  dis- 
crepancy is  small,  is  the  error  of  chaining  necessarily  small? 
p.  11,  §§  20,  21.  8.  If  the  tape  used  in  measuring  is  too  long  or 
too  short,  is  this  a  source  of  constant  error?  p.  10.  9.  Are  the 
errors  from  sticking  the  pins  cumulative  or  compensating?  p.  11, 
also  p.  42,  §  66.  10.  If  in  lining  in,  pins  are  set  as  much  as 
6  inches  first  one  side,  then  the  other  of  the  line,  will  the  resulting 
error  be  comparatively  large  or  small?  p.  41,  §  63,  p.  51,  §  76. 
11.  How  may  the  error  in  chaining  be  expressed  by  a  ratio? 
p.  39,  §  58.  12.  If  a  line  is  measured  with  a  tape  that  is  too  long 
will  the  result  be  too  long  or  too  short,  and  what  is  the  correspond- 
ing algebraic  sign?  p.  39,  §  59.  13.  What  are  some  of  the  things 
a  chainman  should  do ?  14.  What  are  some  of  the  things  a  chain- 
man  should  not  do?  p.  38.  15.  If  in  chaining  a  line  AB  whose 
true  length  is  400  feet,  the  first  pin  is  stuck  \%  \iis^e»  \»  VJafcX^V. 
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of  the  line,  the  second  pin  16  inches  to  the  right,  the  third  pin  24 
inches  to  the  right,  what  would  be  the  difference  between  the  true 
length  and  the  measured  length  of  A  5,  provided  no  other  errore 
are  involved?  16.  If  in  measuring  along  a  line  the  end  of  the 
tape  should  fall  at  a  place  where  a  pin  cannot  be  stuck,  as,  for 
example,  in  the  middle  of  a  brook,  how  would  you  proceed? 

Exercise  C-3. 
Chaining  on  a  Slope. 

References:  Page  35,  §  53. 

Equipment:  Steel  tape,  chain  pins,  range  poles,  plumb  bob. 

Directions:  1.  Measure  the  distance  between  two  points  on  a 
comparatively  steep  slope  by  the  second  method,  page  36,  work- 
ing down  hill.  2.  Repeat  the  measurement,  chaining  again 
down  hill,  but  the  two  chainmen  interchanging  positions.  3.  By 
means  of  the  tables  on  pages  48  and  49,  ascertain  whether  the 
discrepancy  between  the  two  measurements  indicates  woric  that 
is  excellent,  good,  fair  or  passable. 

Suggestions:  1 .  Pay  special  attention  to  throwing  the  weight  of  the  body 
against  the  arm  in  holding  the  down-hill  end  of  the  tape.  p.  36.  2.  If  the 
pin  is  stuck  upright  it  interferes  with  the  plumb  bob  —  one  reason  for  8tidc> 
ing  it  in  slanting  at  right  angles  to  the  line.  3.  A  common  error  is  the  hold- 
ing of  the  d<rwn-hill  end  of  the  tape  too  low.  The  instructor,  standing 
opposite  the  middle  of  the  tape,  should  watch  this  at  first.  4.  Three  men 
can  work  to  much  better  advantage  than  two  in  chaining  on  a  slope. 

Questions:  1 .  Why  is  it  better  to  chain  down  hill  than  up  hill? 
2 .  If  a  Hne  is  chained  on  the  slope  instead  of  in  horizontal  stretches, 
how  may  the  result  be  corrected?     Page  35,  §  53  (a). 

Exercise  C-4. 
Standardizing  the  Tape. 

References:  Pages  39-44  and  p.  561. 

Equipment:  Steel  tape  to  be  tested ;  scale,  spring  balance,  tuin- 
buckles,  thermometer,  magnifying  glass. 

Directions:  Assuming  that  a  permanent  standard  has  already 
been  established,  proceed  as  directed  for  "Testing  the  Tape," 
page  562.     2.   Repeat  the  test  two  or  more  times. 

Suggestion:  Sometimes   in  place  of  a   permanent  standiud  wsuAk  as  tkftt 
*'*f»cribed  on  page  562,  the  tape  is  compared  with  a  standard  tape  d  kaowB 
th,  Irept  for  that  purpose. 
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FORM  OF  NOTES. 


Tape 
Tested. 


Observed 
Length. 


Temper- 
ature. 


Correction 
for  Temp, 


Corrected 
Length. 


Questions:  1.  What  are  the  usual  standard  temperatures  and 
standard  pulls  for  a  100  foot  steel  tape?  Pages  561  and  42. 
2 .  What  is  the  average  change  in  length  for  each  1 5  degrees  change 
in  temperature?  p.  40,  §  62  (a).  3.  What  is  the  average  change  in 
length  per  15  pounds  pull?  p.  43,  §  69  (7).  4.  Where  can  a  tape 
be  sent  for  standardizing?  p.  561 .  5.  What  are  some  of  the  condi- 
tions to  be  fulfilled  in  any  device  for  standardizing  tapes?  p.  561. 
6.  What  was  the  object  in  using  a  steel  strip  for  the  standard  of 
the  Boston  Water  Works?  p.  562.  7.  A  line  measured  with  a 
100  foot  tape  is  found  to  be  826.34  feiet  long.  What  was  the  true 
length  of  the  line,  (a)  if  the  tape  was  100.024  feet  long?  (b)  if  the 
tape  was  99.87  feet  long?  8.  Required  to  lay  off  the  distance  of 
784  feet  with  a  tape  (a)  100.04  feet  long;  (b)  99.9  feet  long. 

Exercise  C-5. 
Experiments  witli  a  Steel  Tape. 

References:  Page  40,  §  62  (c),  p.  41,  §  64. 

Equipment:  Steel  tape,  scale,  spring  balance,  turn-buckles, 
thermometer,  magnifying  glass,  2  plumb  bobs. 

Directions:  1.  Perform  the  experiment  of  §  62  (c),  p.  40. 
2.  Test  the  length  of  a  tape  first  under  a  12  pound  pull,  then 
under  a  20  pound  pull.  Repeat  several  times.  3.  With  the 
ends  of  the  tape  supported  a  short  distance  above  the  floor  or 
ground,  the  rest  of  the  tape  being  unsupported,  find  the  tension 
required  to  make  the  tape  of  standard  length.  Use  plumb  bobs 
to  mark  the  ends  of  the  tape  and  turn-buckles  to  hold  the  tape 
steady  at  the  standard  pull. 

Questions:  1.  A  line  measured  in  summer  with  a  100  foot 
tape,  70°  F.  temperature,  12  pound  pull  is  found  to  be  438.945 
feet  long;  measured  again  in  winter  at  a  temperature  of  10°  F., 
with  the  same  tape  and  same  pull,  what  should  be  its  length 
(tape  supported  in  both  cases  on  level  supports)?  p.  40,  §  62. 
2.  A  tape  is  100  feet  long,  }  inch  wide,  ^  meYi  ^lioi^iV.  ^\A^^^gcA 
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.0005  pounds  per  inch ;  standard  at  62°  F.,  12  pound  pull.  A  line 
measured  when  the  temperature  is  90°  F.  and  the  pull  20  pounds 
with  the  tape  supported  at  the  two  ends  only  is  found  to  be  93.41 
feet  long.  Required  the  corrected  length  of  the  Une.  3.  Com- 
pare the  pull  required  to  balance  the  sag  as  obtained  in  the  third 
experiment  above  with  that  obtained  theoretically  from  the  for- 
mula at  the  bottom  of  page  41,  using  the  tape  described  in  the 
preceding  question. 

Exercise  C-6. 
Measuring  a  Base  Line. 

References:  Page  57,  §  82. 

Equipment:  Steel  tape,  scale,  spring  balance,  thermometer, 
magnifying  glass  (if  desired  a  turn-buckle  device  for  stretching 
the  tape). 

Directions:  1.  On  a  level  stretch  of  ground  set  stakes  with 
their  tops  on  a  level,  making  a  line  several  hundred  feet  long. 
Measure  the  length  of  this  base  line  a  number  of  times  as  directed 
on  page  57.  2.  Find  the  probable  error  as  explained  on  page  58 
(read  also  pp.  15-19). 

Suggestions:  As  it  will  require  considerable  time  to  set  stakes,  this  may  be 
done  once  for  all  and  the  same  stakes  used  by  dififerent  squads. 

Questions:  1.  What  should  be  the  maximum  discrepancy 
between  two  measurements  of  a  line  1000  feet  long,  that  the  work 
may  be  classed  as  excellent?  pp.  48,  49.  2.  Is  a  large  error  more 
likely  to  occur  from  a  variation  in  temperature  or  a  variation  in 
pull?  p.  43.  3.  Give  the  relative  importance  of  different  sources 
of  error,  p.  43.  4.  State  some  of  the  requirements  correspond- 
ing to  a  ratio  of  precision  of  1/50000.  p.  51.  5.  When  it  is 
impracticable  to  set  stakes  with  their  tops  on  a  level,  how  would 
you  proceed?  p.  57.  6.  How  can  tripods  be  employed  in  chain- 
ing a  base  line  through  thick  underbrush?  p.  58.  7.  Sketch  s 
device  for  supporting  and  stretching  a  tape.  8.  Give  ideal  con- 
ditions for  base  line  measurement.  9.  What  is  the  object  in 
having  the  end  of  the  tape  fall  on  a  different  stake  each  time  a  line 
is  chained?  10.  Describe  other  apparatus  for  measuring  base 
lines,  p.  194.  11.  Give  some  practical  suggestions  for  setting 
supporting  stakes,  protecting  end  hubs,  etc.  p.  57. 
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Exercise  C-7. 

f 

A  Chain  Survey  of  an  Irregular  Polygon. 

Reference:  Page  56,  §  80. 

Equipment:  Chain  or  tape,  chain  pins,  range  poles,  plumb  bob. 

Directions:  1.  Set  5  stakes  at  random,  forming  an  irregular 
polygon  each  side  of  wliich  is  at  least  150  feet  long.  2.  Survey 
this  polygon  with  a  tape  as  explained  on  page  56.  3.  Compute 
the  area  of  the  polygon  by  finding  the  area  of  each  of  the  triangles 
into  which  it  is  subdivided  from  formula  12  on  page  408. 

Suggeations:  A  survey  of  some  plot  of  land  having  straight  boundary 
lines  may  be  substituted  if  desired.  For  a  survey  of  a  plot  with  irregular 
boundary  lines  see  page  15  of  this  book. 

Field  Notes:  1.  A  sketch  showing  all  measurements.  2.  The 
computations  for  areas  neatly  arranged. 

Questions:  1.  How  can  the  angles  of  the  polygon  be  found 
from  the  original  measurements?  2.  Give  the  general  method 
for  making  any  chain  survey,  p.  56.  3.  If  in  the  survey  shown 
in  Fig.  80,  p.  56,  it  were  impossible  to  see  all  four  comers  from  any 
one  station,  how  would  you  proceed? 

Exercise  C-8. 

To  Chain  from  a  Given  Point  over  the  Brow 
of  a  Hill  to  Another  Point. 

Reference:  Page  55,  §  79. 

EquipmetU:  Tape,  chain  pins,  sight  poles,  plumb  bobs. 

Directions:  Set  two  poles,  one  over  the  brow  of  a  hill  from  the 
other,  and  chain  the  distance  between  them,  as  explained  on 
page  55. 

Questions:  1.  Give  two  methods  of  "  ranging  in  "  when  a  valley 
intervenes  between  the  two  points,  p.  56,  §  79  (c).  2.  Give  the 
method  of  chaining  over  a  high  wall.  p.  54.  3.  Give  a  method 
of  chaining  a  line  between  two  points  when  woods  intervene,  p.54. 
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Exercise  C-9. 

Laying  Out  a  Riglit  Angle  with  a  Tape  by 

tlie  3-4-5  Method. 

Reference:  Page  60. 

Equipment:  Tape  and  chain  pins. 

Directions:  1.  Set  two  pins  in  the  ground  80  feet  apart  and 
with  this  line  as  one  side,  stake  out  an  80  foot  square.  2.  Check 
by  measuring  the  two  diagonals  of  the  square. 

Field  Notes:  Make  a  sketch  showing  each  dist^mce  measured  or 
laid  off  and  the  discrepancy  between  the  two  diagonals. 

Questions:  1.  Explain  the  difference  between  the  methods  of 
laying  out  a  right  angle  with  a  cloth  tape  and  with  a  steel  tape  (a 
loo  foot  tape  being  used  in  each  case).  2.  How  would  you  lay 
off  a  right  angle  with  a  50  foot  tape?  3.  If  one  diagonal  of  a 
square  as  staked  out  is  longer  than  the  other  how  would  you  pro- 
ceed to  correct  the  mistake?  4.  If  the  two  diagonals  are  exactly 
equal,  does  this  necessarily  prove  that  the  square  has  been  staked 
out  correctly?  5.  How  closely  should  the  lengths  of  the  two 
diagonals  of  an  80  foot  square  agree  to  indicate  good  work? 
6.  How  would  you  proceed  to  stake  out  the  house  on  page  210, 
using  only  the  tape? 

Exercise  C-10. 

To  Erect  a  Perpendicular  with  a  Tape  at 
Any  Point  in  a  Line. 

Reference:  Pages  61,  62  and  63. 

Equipment:  Tape  and  chain  pins. 

Directions:  1.  Set  two  pins  at  random  and  at  one  of  them  erect 
a  perpendicular  to  the  line  between  them  by  the  method  of  §  85  (b), 
p.  61.     2.   Check  by  the  3-4-5  method. 

Field  Notes:  Make  a  sketch  showing  all  measurements. 

Questions:  1 .  What  is  the  difference  between  the  methods  used 
for  geometrical  constructions  in  drafting  and  those  used  for 
the  same  constructions  in  chaining?  Illustrate  by  sketches. 
2.  What  method  in  chaining  corresponds  to  erecting  a  perpen- 
dicular by  intersecting  arcs  and  how  may  the  perpendicuUr 
erected  by  this  method  be  checked  by  the  use  of  the  same  method? 
p.  61 .     3.   Illustrate,  by  sketches,  methods  of  dropping  a  peipen- 

juiar  to  a  given  line  from  axiy  ^^Neu'^mt.  p.  62. 
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Exercise  C-11. 

To  Bun  One  Line  Parallel  to  Another  Line. 

Reference:  Page  62  and  page  63. 

Equipment:  Tape  and  chain  pins. 

Directions:  Assume  three  points  at  random  and  through  one  of 
them  establish  a  line  parallel  to  the  line  between  the  other  two, 
using  two  different  methods. 

Field  Notes:  Make  a  sketch  showing  all  measurements. 

Question:  Discuss  the  advantages  and  disadvantages  of  the 
three  methods  given  on  page  63, 

Exercise  C-13. 

To  Measure  between  Two  Points  when  a  Corner 
of  a  Building  Intervenes. 

Reference:  Page  64,  §  87  (a). 

Directions:  1.  Assume  two  points  at  least  40  to  60  feet  apart 
and  imagine  a  comer  of  a  building  to  intervene.  Find  the  dis- 
tance between  the  two  points  by  one  of  the  methods  explained  on 
page  64  and  check  the  result  by  the  other  method.  2.  Check 
also  by  a  direct  measurement. 

Suggestion:  Having  completed  the  exercise  with  an  imaginary  obstacle, 
it  is  well  to  repeat  the  work  with  the  comer  of  a  real  building  intervening 
between  the  two  given  points. 

Field  Notes:  Make  a  sketch  showing  all  measurements  made 
during  the  exercise,  and  the  final  results. 

Exercise  C-13. 

To  Measure  to  an  Inaccessible  Point. 

Reference:  Page  64,  §  87  (b). 
Equipment:  Chain  and  chain  pins. 

Directions:  1.  Set  two  stakes  or  pins  about  200  feet  apart. 
2.  Find  the  distance  between  the  two  points  by  two  different 
methods.     3.   Check  results  by  direct  measurement.    . 

Questions:  1.  Could  the  methods  used  in  transit  work  (p.  222, 
§  277  (c)  )  be  used  in  chaining?    2.   Explain  at  \ft^\.  \.^no  ^S5afe\ 
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methods  that  might  be  used  with  a  tape.  §  87  (c).  3.  Describe  a 
rough  method  of  measuring  the  height  of  an  inaccessible  point. 
§  87  (d).  4.  Describe  at  least  two  methods  of  prolonging  a 
straight  line  through  an  obstacle  using  only  the  tape.  p.  66.  (If 
time  permits  this  may  be  dqne  in  the  field  as  an  additional  exer- 
cise.) 5.  Show  by  a  sketch  one  method  of  measuring  between 
two  inaccessible  points.  §  87  (e). 

Field  Notes:  1.   A  sketch  showing  all  measurements.     2.   Arith- 
metical work  neatly  arranged. 


Exercise  C-14. 

To  Measure  the  Angles  of  a  Triangle  with 

a  Tape. 

References:  Page  63,  §  86,  and  pages  458-460. 

Equipment:  Tape  and  chain  pins. 

Directions:  Set  three  stakes  or  chain  pins  at  random  to  form  a 
triangle  with  no  side  less  than  100  feet  long.  2.  Measure  each 
interior  angle  of  the  triangle  with  the  tape  using  the  tangent 
method.     3.   Repeat  the  problem  using  the  chord  method. 

Suggestions:  1.  Take  a  reasonably  long  distance  for  the  base  in  the 
tangent  method  and  the  radii  in  the  chord  method.  2.  Pay  particular 
attention  to  lining  in  —  the  errors  are  chiefly  here. 

Field  Notes:  1.  A  sketch  of  the  triangle  showing  all  measure- 
ments for  the  first  method ;  a  similar  sketch  for  the  second  method. 
2.  All  arithmetical  work  neatly  arranged.  3.  A  comparison  of 
results  of  the  first  and  second  methods.  4.  Actual  error  in  the 
sum  of  the  angles. 

Questions:  J..  Illustrate  how  to  measure  angles  of  various  sizes 
from  0°  to  360°  by  the  tangent  method;  by  the  chord  method. 
2.  What  is  the  most  convenient  base  or  radius?  3.  Upon  what 
does  the  accuracy  of  the  tangent  method  depend?  4.  When  is  it 
advantageous  to  use  the  chord  method  instead  of  the  tangent 
method?     5.   Explain  the  sine  and  cosine  method,  p.  63. 
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Exercise  C-15. 

A  Chain  Survey  of  a  Plot  of  Ground  with  Irregular 
Boundary  Lines  and  Containing  Buildings. 

References:  Page  56,  §  80,  also  pp.  138  to  140. 

Equipment:  Steel  tape,  chain  pins,  stakes,  hatchet  and  range 
poles. 

Directions:  Make  a  survey  of  a  small  plot  of  ground  in  which 
some  of  the  boundary  lines  are  curved  or  irregular.  There  should 
also  be  some  buildings  to  be  located.  Establish  a  network  of 
triangles  for  reference  lines  as  explained  on  page  56,  §  80  (c),  and 
locate  the  different  details  as  explained  on  pages  138-140. 

Suggestions:  If  desired  this  exercise  may  be  conducted  as  a  recitation, 
the  different  methods  being  discussed  by  the  class  as  a  whole,  or  by  each 
squad,  and  each  method  illustrated  by  sketches  on  the  blackboard  or  in  the 
note-book. 

Field  Notes:  1.  A  complete  sketch  showing  all  measurements 
made  in  the  field.     2.   Computations  for  area  neatly  arranged. 

Qitestions:  1.  Give  the  methods  of  locating  a  point  from  two 
given  points  by  linear  measurement  only.  p.  4.  2.  Explain 
method  of  locating  a  building  by  means  of  offsets,  p.  138,  §  198  (a). 
3.  Explain  the  method  of  locating  a  regular  curve  by  offsets. 
§  198  (b).  4.  Explain  the  method  of  locating  an  irregular  out- 
line like  the  bank  of  a  stream,  by  linear  measurements  only. 
5.  What  three  points  must  be  kept  in  mind  in  using  the  offset 
method?  §  198  (d).  6.  Explain  the  "plus  system''  often  used 
in  the  offset  method.  Note,  p.  139.  7.  Explain  how  to  locate  a 
building  by  three  measurements,  one  of  which  is  a  tie  line. 
Figure  199  (a).  8.  Is  it  necessary  that  the  tie  line  should  have 
one  end  at  some  point  on  the  building?  p.  140.  9.  Explain  how 
to  locate  a  building  by  two  pairs  of  intersecting  measurements. 
Figure  199  (b).  10.  Explain  the  use  of  tie  lines  in  getting  the 
directions  of  fences.  §  199  (c).  11.  How  may  the  area  of  the 
plot  surveyed  be  computed?  pp.  410-413.  (If  time  permits, 
compute  the  area  of  the  plot  surveyed.) 
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Exercise  C-16. 
Discussion  of  the  Errors  in  Linear  Measurements. 

References:    Chapter  V,  pages  39  to  53. 

Questions:  1.  What  are  the  four  general  sources  of  error  in 
chaining?  p.  39.  2.  How  is  an  error  expressed  by  a  ratio?  3.  If 
a  line  is  measured  with  a  tape  that  is  too  short,  will  the  result  be 
too  short  or  too  long,  and  what  is  the  corresponding  algebraic 
sign?  4.  Why  is  the  error  in  the  length  of  a  chain  likely  to  be 
relatively  greater  than  that  in  a  tape?  5.  Show  by  an  illustra- 
tion how  to  apply  a  correction  for  an  error  in  the  length  of  a 
tape  when  chaining  between  two  points;  when  laying  off  a 
given  distance,  p.  40.  6.  How  can  an  error  ilue  to  the  tape 
not  being  horizontal  be  eliminated?  7.  When  is  the  error  due 
to  temperature  plus,  and  when  minus?  8.  What  is  the*  approxi- 
mate change  in  the  length  of  a  100-foot  steel  tape  for  a  change 
in  temperature  of  90°  F.?  9.  When  should  temperature  be 
taken  into  account  and  when  not?  10.  What  precautions  are 
often  taken  in  base  line  measurement  to  eliminate  the  error  due 
to  temperature?  1 1 .  What  approximate  rate  of  change  may  be 
remembered  for  a  100-foot  tape?  12.  If  the  length  of  a  city 
block  is  measured  in  summer  and  then  again  in  winter  with  the 
same  tape,  what  discrepancy  due  to  change  in  temperature 
may  be  expected?  13.  Describe  an  experiment  which  may 
be  tried  to  show  the  effect  of  a  small  change  in  temperature 
upon  the  length  of  a  steel  tape.  14.  What  is  meant  by  the 
'error  in  alignment,  and  is  this  source  of  error  relatively  important? 
p.  41.  15.  In  ordinary  chaining,  is  it  necessary  for  the  transit- 
man  to  line  the  chainman  in  with  the  instrument?  16.  Is  an 
error  due  to  sag  plus  or  minus?  17.  What  three  ways  are  there 
of  eliminating  the  error  due  to  sag?  18.  How  may  the  error  due 
to  uneven  pull  be  eliminated?  p.  42.  19.  How  may  the  errors  in 
marking  tape  lengths  be  reduced?  20.  In  what  kind  of  work  is 
this  source  of  error  the  greatest?  21.  Name  four  common 
mistakes  made  in  reading  tapes.  22.  In  extremely  accurate 
work,   what  precautions  may  be  taken   in  reading  the  tape? 

23.  Summarize  the  eleven  sources  of  errors  in  chaining,  p.  43. 

24.  From  what  two  sources  are  errors  compensating?     25.    What 
errors  are  always  plus?     26.    Discuss  the  relative  importance 

of  the  sources  of  errors,  povntmg  om\.  Ixowi  ^kviK  sources  impor- 
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tant  errors  are  most  likely  to  occur,  and  what  sources  may 
be  neglected  in  ordinary  work.  27.  In  judging  the  relative 
importance  of  errors,  what  points  should  be  kept  in  mind?  p.  44. 

28.  What  largely  determines  limits  of  error  in  a  given  survey? 

29.  Should  all  measurements  in  the  same  survey  be  made  with 
equal  care?  30.  In  general,  what  distances  should  be  measured 
carefully  and  what  less  carefully?  p.  45.  31.  What  are  some 
of  the  conditions  that  affect  the  accuracy  of  chaining?  32.  If 
the  accidental  errors  amount  to  0.02  foot  for  100  feet  in  using  a 
100-foot  tape,  what  would  be  the  probable  error  in  measuring 
a  line  900  feet  long?  33.  Give  the  general  rule  for  finding  the 
probable  error.  34.  Why  is  not  the  discrepancy  between  two 
measurements  of  the  same  line  affected  by  constant  errors? 
35.  If  the  discrepancy  between  two  measurements  of  the  length 
of  a  tape  is  0.01,  what  is  it  likely  to  be  between  two  measure- 
ments of  a  line  sixteen  tape  lengths  long?  36.  What  can  you 
say  regarding  the  value  of  the  formula  at  the  top  of  page  46? 
37.  Discuss  the  remark  at  the  top  of  page  46,  and  explain  why 
the  last  sentence  in  that  remark  is  true.  38.  Explain  the 
first  method  of  determining  a  coefficient  of  precision  for  chaining. 

39.  Explain  a  method  which  may  be  used  for  ordinary  chaining. 

40.  A  line  is  chained  twice  under  favorable  conditions,  measure- 
ments being  made  with  an  ordinary  chain,  plumb-bob,  chain- 
pins  and  average  speed.  The  two  results  were,  respectively, 
618.1,  618.3.  Would  the  work  be  classed  excellent,  good,  oi 
fairly  good?  (See  Table  1 ,  p.  48.)  41 .  If  a  steel  tape  had  been 
used  in  place  of  a  chain,  other  conditions  being  the  same,  what  . 
would  be  the  allowable  discrepancy  in  good  work  between  the 
two  measurements  in  the  preceding  question?  42.  Apply 
Table  2,  page  49,  to  questions  40  and  41.  43.  Explain  how  the 
table  on  page  51  may  be  used  to  indicate  the  precautions  which 
are  necessary  •  to  attain  certain  degrees  of  precision,  p.  52. 
44.  Discuss  the  matter  of  combining  errors  from  different 
sources,  p.  52. 


GROUP  T. 

EXERCISES  IN  THE   USE  OF  THE  TRANSIT. 

The  exercises  in  this  group  offer  the  student  an  opportunity  to  form 
correct  habits  in  manipulating  the  transit  and  in  reading  angles.  As  habits 
formed  early  in  the  course  are  likely  to  cling  to  one  long  after  graduation, 
and  as  the  transit  is  perhaps  the  most  important  instrument  used  in  survey- 
ing, no  suggestion,  however  trivial  it  may  seem,  should  be  ignored  if  it  is 
likely  to  help  one  to  become  skilful  and  accurate  in  the  use  of  the  transit. 

Exercise  T-1. 
Setting  up  a  Transit. 

References:  Pages  84-89,  §§  109-115. 

Equipment:  A  transit  for  each  student,  or  as  many  transits  as 
are  available.  ^ 

Directions:  1.  Set  up  the  transit  on  comparatively  level 
ground,  paying  special  attention  to  the  suggestions  on  page  87. 
2.  Repeat  the  work,  selecting  a  place  on  a  side  hill. 

Suggestions:  At  the  beginning  of  the  exercise,  it  is  well  for  each  instructor 
to  show  his  squad  how  to  set  up  a  transit,  emphasizing  at  the  same  time  the 
importance  of  the  suggestions  on  page  87,  §  114.  The  members  of  the  squad 
may  then  be  drilled  individually  under  close  sui>ervision  of  the  instructor, 
several  transits  being  used  simultaneously,  if  possible. 

If  this  exercise  is  given  before  the  exercises  in  the  use  of  the  level,  it  is 
well  for  the  instructor  to  explain  briefly  the  principal  parts  of  the  telescope 
(see  photograph,  page  551),  and,  if  thought  best,  to  add  to-  the  questions 
given  below  those  on  pages  96  ^nd  97  of  this  book. 

Questions:  1.  Give  some  of  the  precautions  to  be  observed  (a) 
in  the  use  of  clamps  and  screws;  (b)  in  the  treatment  of  lenses; 
(c)  in  standing  a  transit  up  on  a  floor,  p.  84.  2.  Give  pre- 
cautions taken  in  carrying  a  transit,  p.  85.  3.  Give  other 
precautions,  pp.  607-609.  4.  Tie  a  sliding  knot  as  described  on 
p.  85.  (If  the  knot  slides  too  freely,  take  an  extra  turn  of  the 
string  about  the  hook.)  5.  How  are  the  cross-hairs  brought  in 
focus?  p.  85.  6.  Give  the  rule  for  focusing  the  object  glass  on 
distant  objects,  p.  86.  (If  desired,  the  theory  of  lenses 
(pp.  545-549)  and  the  construction  of  the  telescope  (pp.  549-558) 
may  he  studied  in  connection  with  Questions  5  and  6.)  7.  Give 
suggestions  fo r  si ghting  t\\e  teVescop^ .  ^ . %^ A  \\\ .    8 .  Give  som^ 

1?» 
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practical  suggestions  for  manipulating  the  tripod,  p.  86,  §§  113, 
114.  9.  Give  suggestions  for  leveling  up.  p.  88.  10.  Explain 
how  the  telescope  level  is  sometimes  used  for  leveling  up.  p.  89. 
11.  If  the  plumb-bob  is  as  much  as  J  to  J  of  an  inch  off  the  tack, 
how  much  will  this  affect  an  angle  if  sights  are  450  feet  long?  p.  89 
and  p.  105,  §  147.  12.  Give  some  points  to  remember  in  leveling 
up.  p.  89,  §  115. 

Exercise  T-2. 

Prolonging  a  Straight  Line. 

Reference:  Pages  90-98,  §§  116-122. 


Equijyment:  Transit,  hatchet,  and  stakes. 

Directions:  1.  Set  two  stakes  at  random,  at  least  200  feet  apart, 
in  such  a  place  that  the  line  between  them  can  be  prolonged 
another  200  feet.  2.  Set  up  over  the  end  of  the  line  to  be  pro- 
longed, and  set  a  third  stake  in  line  about  200  feet  away,  using  the 
method  of  double  reverse,  p.  92.  3.  Set  up  over  the  other  end  of 
the  original  line  and  see  if  all  three  stakes  are  in  line. 

Suggestion:  Drive  the  stakes  only  part  way  into  the  ground  so  that  they 
may  be  pulled  up  easily.  Mark  the  exact  points  with  a  small  lead-pencil 
cross. 

The  upper  clamp  should  be  set  once  for  all  at  the  beginning  of  the  exercise, 
and  left  undisturbed  during  the  remainder  of  the  exercise.  The  student 
should  then  work  wholly  with  Xhelower  clamp  and  corresponding  slow  motion 
screw,  and  thus  become  accustomed  to  using  them  for  backsighting.  Not 
until  Exercise  T-4  should  he  concern  himself  with  the  use  of  the  upper 
clamp  and  the  corresponding  slow  motion  screw. 

It  may  be  well,  at  the  close  of  the  exercise,  for  the  instructor  to  explain 
briefly  by  means  of  the  figures  on  pages  588  and  590  what  errors  of  adjust- 
ment may  be  eliminated  by  reversing  in  azimuth  and  altitude. 

Field  Notes:  A  short  statement  of  the  work  and  of  the  dis- 
crepancy, if  any,  found  in  the  final  check  of  the  third  step  above. 

Questions:  Define  backsight,  foresight,  permanent  backsight, 
and  permanent  foresight,  p.  90.  2.  Explain  the  use  of  the  upper 
and  lower  clamps  and  the  corresponding  tangent  screws,  p.  91, 
§  119,  pp.  563-566.  3.  Give  signals  for  lining  in.  p.  146.  4.  Ex- 
plain the  method  of  reversing  in  azimuth  and  altitude;  what  are 
other  synonymous  terms?  p.  92.  5.  In  setting  up  to  prolong  a 
straight  line,  what  precaution  may  be  taken?  p.  89  (14);  also 
note,  p.  92.  6.  What  four  methods  are  there  for  prolonging  a 
straight  line? 
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Exercise  T-3. 

Balancing  in  a  Transit. 

References:  Page  93  and  page  201. 

Equipment:  Transit,  hatchet,  stakes,  and  sight  poles. 

Directions:  Set  two  stakes  several  hundred  feet  apart,  and 
balance  in  the  transit  about  half  way  between  them  as  explained 
on  page  201.  2.  When  the  transit  is  apparently  on  line,  test  by 
the  method  of  double  reverse. 


Exercise  T-4. 
Reading  tlie  Limb  of  a  Transit. 

References:  Pages  67-75. 

Equipment:  A  transit  for  each  student,  or  as  many  transits  as 
are  available. 

Directions:  1.  Clamp  the  plates  of  a  transit  at  random,  read 
the  number  of  degrees  (clockwise),  estimate  the  number  of 
minutes,  and  record  the  total  reading.  Pay  no  attention  to  the 
vernier  reading.  2.  Record  the  correct  reading  as  given  by  the 
instructor  (who  will  read  the  vernier).  3.  If  the  transit  has  two 
verniers  180  degrees  apart,  repeat  for  the  reading  across  the  circle. 
4.  Repeat  the  whole  exercise  until  from  6  to  10  different  readings 
have  been  made  and  recorded  by  each  student. 

Suggestions:  If  a  number  of  transits  are  available  for  each  squad,  they  may 
be  set  up  within  a  few  feet  of  each  other,  and  the  plates  of  each  transit  set  at 
random  by  the  instructor.  Each  student  may  then  read  in  turn  the  limb  (A 
•ach  transit.  No  vernier  readings  should  be  permitted,  as  the  object  of  the 
exercise  is  to  make  each  student  thoroughly  familiar  with  the  method  of 
reading  the  limb  before  he  undertakes  to  read  the  vernier.  After  the  student 
has  become  accustomed  to  reading  the  angles  clockwbe,  he  may  be  drilled  in 
reading  the  angles  counter-clockwise. 

At  the  beginning  of  the  exercise  it  is  well  for  the  instructor  to  expbun 
briefly  how  the  upper  and  lower  plates  may  be  turned  independently  or 
together,  and  to  illustrate  the  use  of  the  upi>er  and  the  lower  damps  and 
the  corresponding  slow  motion  screws.  The  photograph  on  page  565  should 
be  useful  in  this  connection. 

If  transits  with  special  forms  of  numbering  are  available,  as.  for  examine, 
one  like  that  described  in  Article  95  (d),  page  73,  a  special  drill  should  be 
given  in  reading  such  instruments. 
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Form   of   Notes. 

Number  of  Reading.         Value.       Instructor's  Reading. 

1  37°  15'  37°  18' 

2  10S°  40'  108°  38' 

Questions:  1.  Which  plate,  the  limb  or  that  carrying  the 
vernier,  must  necessarily  turn  when  the  telescope  is  moved  side- 
wise?  pp.  67,  563.  2.  Give  the  three  common  systems  of  num- 
bering the  limb  gradations,  p.  67.  3.  Give  four  common  methods 
of  subdividing  the  degree  on  the  limb.  p.  68.  4.  Give  the  three 
steps  in  reading  an  angle,  p.  68.  5.  In  which  step  are  important 
mistakes  liable  to  occur?  Remark,  p.  68.  6.  Explain  what  is 
meant  by  reading  an  angle  clockwise  and  counter-clockwise 
right  and  left  (p.  68),  and  why  are  the  first  two  terms  preferable 
to  the  last  two  terms?  Remark,  p.  69.  7.  Give  general  method 
of  reading  a  limb.  §  91  (b),  p.  68.  8.  Give  common  mistakes 
in  reading  a  limb.  p.  69.  9.  If  angles  are  always  measured 
clockwise,  what  system  of  numbering  is  best  for  the  transit  (p.  71) 
and  how  many  rows  of  numbers  would  be  needed?  p.  67.  10.  In 
measuring  angles  clockwise,  which  row  of  numbers  on  page  70  is 
ignored?  11 .  Why  is  the  portion  of  the  limb  near  the  180-degree 
mark  a  place  where  mi^akes  are  liable  to  occur?  p.  71,  §  94  (b). 
12.  Why  is  it  important  to  check  readings  by  estimating  angles 
with  the  eye?  p.  71.  §  94  (b).  13.  Wliat  mistake  is  illustrated 
by  most  of  the  incorrect  readings  on  page  70?  p.  71,  §  94  (c). 
14.  What  mistake  is  illustrated  by  the  reading  of  171°  30'  in  place 
of  191°  30'?  p.  70,  §  94  (c).  15.  If  a  transit  has  only  one  row  of 
numbers  (clockwise),  and  it  is  desired  to  read  an  angle  counter- 
clockwise, how  would  you  proceed?  §  94  (d),  p.  71.  16.  If  a 
transit  has  only  one  row  of  numbers,  and  that  is  the  half-circle 
system,  how  would  you  read  an  angle  clockwise  which  is  greater 
than  180°?  p.  73,  §  95  (c)  and  (d).  17.  When  gradations  are 
numbered  by  a  combination  of  the  full-circle  and  quadrant  sys- 
tems, what  is  a  common  mistake?  p.  75,  §  96  (b),  and  at  what 
two  points  on  the  limb  are  mistakes  most  likely  to  occur? 
(Bottom  of  p.  75.) 

Note:  As  a  result  of  this  exercise  two  things  should  be  impressed  upon 
the  mind  of  the  student,  first  the  importance  of  reading  the  limb  correctly 
before  attempting  to  read  the  vernier,  and,  second,  the  closeness  with  which 
an  angle  may  be  read  withovi  the  use  of  a  vernier. 
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Exercise  T-5. 
Beading  Angles;  Ltanb  and  Vernier. 

Referencfji:  Pages  76-83. 

Eqmpm^iU:  A  transit  for  pach  Btudent,  or  as  many  transit*  u 
are  available;  preferably  tran^ta  should  read  to  nuniites. 

ZMrertion*.-  1.  Clamp  the  plates  of  a  transit  at  random,  and 
read  both  the  limb  and  vprnier  clockwise,  recording  the  totsi 
reading.  2.  Record  the  correct  reading  as  given  by  the  instructor. 
3.  Repeat  for  the  vernier  across  the  circle.  4.  Repeat  the  whole 
exercise  until  from  six  to  ten  readings  have  l>epn  made  azu! 
recorded  by  each  student. 


inBB 


any  b«  used  by  neb  squ. 
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Same  an  that  for  the  preceding  exercise. 

Questions:  1.  What  is  the  principle  of  the  vi 
i.  What  is  the  difference  between  direct  and  retrograde  veniiarfB 
o.  540.     3.  Expimn  how  to  determine  the  smallest  reading  M 
least  count  of  a  vernier,  p.  540;  also  p.  7li,  J  97  (c). 
vernier  reading  to  minutes,  how  large  an  arc  is  covered  b;  A 
space  that  is  called  a  minute?  p.  76,  §  97.     5.  Give  the  g 
method  of  reading  a  vernier.   S  98.     6.  Which  side  of  a  d 
vernier  should  be  read?  {99.     7.  Wliy  ehould  the 
be  estimated  from  the  limb  before  the  vernier  is  read?  {pfld 
8.  How  Jnuiiy  marks  should  bu  examined  closely  ii 
vernier?  5 'J'J'^l).     9.  Wh.-ii 
on  a  viTiiiiT  reading  to  ttim 
involvcvl   in   reading  such    t 
caution  should  beuBedinB>'i 
there  Mb  t WOW 
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form  of  vernier  reading  to  30  seconds,  p.  80.  15.  Describe  a 
conunon  form  of  vernier  reading  to  20  seconds,  p.  81.  16.  De- 
scribe a  common  form  of  vernier  reading  to  10  seconds,  p.  82. 
17.  Describe  some  special  forms  of  verniers,  p.  83. 

Note:  Dififerent  forma  of  verniers  may  be  assigned  to  students  to  be  drawn 
on  paper  outside  of  the  regular  exercise. 


Exercise  T-6. 

Measuring  Horizontal  Angles  with  a  Transit. 

References:  Pages  93-98,  §§  125-133. 

Equipment:  Transit,  stakes,  hatchet,  and  sight  poles. 

Directions:  1 .  Set  four  stakes  A,  B,  D,  and  E^  at  random  to  form 
an  irregular  polygon,  no  side  of  which  is  less  than  150  feet  in 
length.  2.  Set  a  stake  C  near  the  center  of  this  polygon.  3.  Set 
up  the  transit  over  C,  and  measure  in  succession  the  horizontal 
angles  A  CB,  BCD,  DCE,  and  EC  A ,  all  measured  clockwise.  Make 
a  sketch  showing  the  values  of  the  angles.  4.  Check  by  comparing 
the  sum  of  the  four  angles  with  360°.  > 

Questions:  1.  Give  the  general  method  of  measuring  horizontal 
angles,  p.  93.  2.  Which  clamp  and  tangent  screw  is  used  for 
each  operation?  Bottom  of  p.  93,  top  of  p.  94.  3.  Explain  the 
difference  between  taking  the  angles  to  the  right  and  to  the  left, 
p.  94.  4.  Explain  how  a  number  of  angles  may  be  taken  from 
the  same  backsight,  p.  94.  5.  Is  the  vernier  always  set  at  0 
before  measuring  an  angle?  p.  94.  6.  If  there  are  two  verniers, 
which  is  used?  p.  95.  7.  Why  form  the  habit  of  estimating  the 
angles  by  eye?  p.  95.  8.  Precautions  to  take  after  backsighting. 
p.  95.  9.  Precautions  to  take  in  measuring  a  large  number  of 
angles  from  the  same  backsight,  p.  95,  §  129  (6),  (7),  (8).  10.  In 
taking  angles  clockwise,  is  it  necessary  to  turn  the  telescope  clock- 
wise? 11.  Name  some  of  the  sources  of  error  in  measuring  the 
horizontal  angles,  p.  96.  12.  Give  some  suggestions  for  using  the 
vernier  in  reading  the  angles,  p.  96.  13.  Name  some  common 
mistakes  in  reading  angles,  p.  97.  14.  Relative  importance  of 
errors,  p.  104.  15.  Relative  importance  of  error  in  setting  up 
the  transit,  p.  104.  16.  If  a  pole  is  |  inch  in  diameter  and  is 
held  100  feet  from  the  transit,  what  would  be  the  angular  erroic 
caused  hyhnnging  the  vertical  cross-hair  to  coViidde'm>^VJaft  ^^.^ 
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of  the  pole  instead  of  with  its  center?  Bottom  p.  105.  17.  Is  the 
diflFerence  between  the  sum  of  the  four  angles  and  360**  the  true 
error  of  that  sum  or  simply  a  discrepancy?  p.  14,  §  24  (b). 
18.  How  would  you  distribute  this  error?  p.  14,  §  24  (c).  19.  If 
two  angles  ACB  and  BCD  were  measured  separately,  and  then 
checked  by  measuring  ACD^  would  the  difference  between  the 
sum  of  the  first  two  angles  and  the  measured  value  of  ACD  be  a 
true  error,  or  simply  a  discrepancy,  and  how  would  it  be  dis- 
tributed? §  24  (d).  20.  What  method  corresponding  to  the 
work  done  in  this  exercise  is  sometimes  used  in  work  of  high 
precision?  p.  100,  §  139. 


Exercise  T-7. 

Practice  in  Doubling  Horizontal  Angles. 

Reference:  Page  99,  §  138. 

Equipment:  Same  as  for  the  preceding  exercise. 

Directions:  Repeat  the  preceding  exercise,  but  double  each 
angle  as  explained  in  §  138. 

Questions:  1.  Explain  the  method  of  measuring  angles  by 
repetition,  p.  99.  2.  What  is  the  chief  precaution  necessary  in 
manipulating  clamps  and  tangent  screws  when  repeating  an 
angle?  p.  100.  3.  When  is  it  necessary  to  add  multiples  of  360°? 
Illustrate  how  this  is  done.  4.  Explain  how  to  lay  off  an  angle 
accurately,  p.  101,  §  142;  also  p.  218. 

Exercise  T-8. 
Measuring  Vertical  Angles  with  a  Transit. 

Reference:  Page  98,  §  135. 

Equipment:  Transit,  stakes,  and  hatchet. 

Directions:  1.  Drive  two  stakes  A  and  B  about  200  feet  apart, 
B  being  considerably  lower  than  A.  Set  up  over  A  and  measure 
the  vertical  angle  which  the  line  of  sight  from  the  transit  to  B 
makes  with  the  horizontal.     2.  Assume  some  well-defined  point 

at  least  50  feet  above  tbe  grouiid  and  200  feet  from  the  transit; 

call  this  point  C,  and  measuie  t\ie  as^^^  ^\as2!a.  XJaaVoia  of  sigbt 
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from  the  transit  to  C  makes  with  the  horizontal.  3.  Measure 
the  vertical  angle  between  the  lines  of  sight  to  B  and  to  C  Make 
a  sketch  showing  the  values  of  all  angles.  4.  Check  by  compare 
ing  the  last  angle  measured  with  the  sum  of  the  other  two  angles. 

Questions:  1.  How  should  the  vertical  arc  be  adjusted,  assum- 
ing that  the  transit  is  in  adjustment  otherwise?  p.  98,  §  135. 
2.  How  would  yoii  proceed  if  neither  the  vertical  arc  nor  the 
corresponding  vernier  were  adjustable?  3.  What  is  the  "index 
error,"  and  how  are  the  algebraic  signs  applied  to  it?  p.  98.  4.  In 
measuring  the  vertical  angles  as  directed  above,  where  is  the 
vertex  of  the  angle?  5.  If  it  were  required  to  measure  a  vertical 
angle,  one  side  of  which  was  determined  by  two  points  on  the 
ground,  how  would  you  proceed,  assuming  that  all  points  are 
accessible?  6.  Is  it  possible  to  double  a  vertical  angle  with  a 
transit  as  ordinarily  made?  7.  How  can  a  transit  be  made  so 
that  it  will  be  possible  to  double  vertical  angles? 


Exercise  T-9. 
To  Find  tlie  Iiiterseetion  of  Two  Lines  of  Sight. 

Reference:  Page  202. 

Equipment:  Transit,  stakes,  hatchet,  wire  brads,  short  pieces  of 
string. 

Directions:  1.  Set  four  stakes  at  random  to  form  a  polygon,  no 
side  of  which  is  less  than  150  feet  in  length.  2.  Find  the  inter- 
section of  the  diagonals  of  this  quadrilateral  as  explained  in  §  257. 

Questions:  1.  Explain  the  method  of  referencing  a  point.  §259. 
2.  Give  other  methods  of  referencing  a  point,  p.  54.  3.  How 
would  you  reference  a  point  for  setting  a  merestone?  p.  203,  §  259. 
lU/ustration.  4.  Give  two  methods  of  referencing  a  line.  §  260. 
5.  Explain  the  importance  of  referencing  at  least  one  line  in  a 
survey.  §  260.  Remark. 
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Exercise  T-10. 

1V>  Establish  a  line  of  Sight  Paraliel  to  a  Fence 

or  to  a  Building. 

Reference:  Page  201,  §  256. 

Equipment:  Transit,  tape,  stakes,  hatchet,  sight  pole. 

Directions:  1.  Assume  a  station  about  three  feet  from  a  fence 
or  a  building.  2.  Set  the  transit  over  the  station  and  establish 
a  line  of  sight  parallel  to  the  fence  or  to  the  building  as  directed 
on  page  201. 

Field  Notes:  Make  a  sketch  showing  the  fence  or  building,  the 
transit  line  and  the  distance  used.  Describe  the  method  referring 
to  the  sketch  in  order  to  make  it  plain. 

Questions:  1.  What  method  would  you  use  when  the  parallel 
lines  are  a  considerable  distance  apart?  p.  224,  §  278  (b). 


Exercise  T-11. 

To  Measure  the  Angle  Formed  by  Two  Intersecting 
lines  without  Setting  Up  over  Either  Line. 

Reference:  Page  202,  §  258. 

Equipment:  Transit>  tape,  hatchet,  stakes,  sight  pole,  pieces  of 
string. 

Directions:  Measure  the  angle  at  any  place  where  two  definite 
fence  lines  meet,  choosing  preferably  a  comer  where  the  transit 
cannot  be  set  up  inside  of  the  fence  line,  using  the  method  of 
§258. 

Suggestion:  If  it  is  inconvenient  to  use  actual  fence  lines,  drive  three 
stakes  to  form  a  triangle  no  side  of  which  is  less  than  200  feet  in  length,  and 
measure  the  interior  anglQ  at  one  of  the  vertices  without  setting  up  over  any 
vertex  or  over  any  point  within  the  triangle.  Three  parties  may  work  on 
the  same  triangle,  one  at  each  vertex,  and  the  sum  of  the  three  results  may 
then  be  compared  with  180°  as  a  check. 

Questions:  1.  What  method  can  be  used  when  the  transit  can 

be  set  up  over  a  point  inside  of  the  comer?    2.  How  are  division 

fences   usually   set?     3.  How   are   division   walls   usually  set? 

4.  How   are  fences   along   a   street  usually   set?     5.  How  are 

street  lines  usually  markedl 
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Exercise  T-12. 
Discussion  of  tlie  Errors  in  Angular  Measurement* 

Reference:  Chapter  X,  p.  104. 

Questions:  1.  What  in  general  are  six  sources  of  error  in 
measuring  angles?  p.  104.  2.  What  can  you  say  regarding  the 
relative  importance  of  errors  from  these  different  sources? 
3.  If  the  plumb-bob  is  slightly  ofiF  the  tack  is  the  resulting 
error  likely  to  be  large?  p.  105.  4.  When  is  the  error  due  to 
the  plates  being  out  of  level  likely  to  be  large?  5.  Why  is  the 
error  due  to  either  source  greater  for  short  sights  than  for  long 
sights  in  measuring  angles?  Why  is  the  reverse  true  in  laying  off 
angles?  6.  If  the  bob  is  ^  inch  off  the  station,  what,  approxi^ 
mately,  are  the  resulting  errors  for  sights  of  100  and  1000  feet 
respectively?  7.  Give  some  idea  of  the  errors  involved  wheb 
one  edge  of  the  limb  is  lower  than  the  other.  8.  In  measuring 
an  angle  what  values  should  be  kept  in  mind  when  judging  the 
importance  of  errors  of  sighting?  (Note  (6),  p.  106.)  9.  What 
values  in  laying  off  angles?  10.  Explain  by  means  of  these 
values  the  importance  of  holding  the  sight  pole  plumb.  11.  Sup- 
pose that  in  measuring  an  angle  to  the  nearest  minute  the  length 
of  sight  is  800  feet  and  only  the  top  of  the  pole  is  visible,  how 
much  could  4t  be  out  of  plumb  without  materially  affecting  the 
•result?  12.  What  are  some  of  the  natural  sources  of  error? 
13.  Explain  how  the  sun  shining  on  one  side  of  the  instrument 
and  not  on  the  other  might  affect  a  line  of  sight.  14.  Give  some 
precautions  which  may  be  taken  to  avoid  mistakes;  to  eliminate 
constant  errors;  to  eliminate  accidental  errors.  15.  In  what  two 
ways  may  the  precision  of  angular  measurement  be  judged?  p.  107. 
16.  Explain  each  of  these  two  methods.  17.  Explain  the 
fundamental  difference  between  checking  angles  by  the  tru^  error 
of  their  sum  and  by  the  discrepancy  between  their  sum  and  a 
measured  angle.  18.  If  the  sum  of  the  interior  angles  of  a 
polygon  agrees  with  the  check  of  §  175,  p.  119,  does  this  mean 
that  the  measured  value  of  each  angle  is  exactly  right?  19.  If 
the  interior  angles  of  a  triangle  are  measured  with  a  coarsely 
graduated  instrument  why  is  their  sum  more  likely  to  be 
exactly  180°  than  if  a  finely  graduated  instrument  were  used? 
20.  What  are  some  of  the  conditions  which  effect  the  precision 
of  angular  measurement?  p.  108.     21.  Suppose  that  tJb&  t^v^ 
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of  precision  for  chaining  has  been  fixed  at  rsljrut  what  is  the 
permissible  error  for  an  angle?     (See  table  at  bottom  of  p.  108.) 

22.  If  an  error  of  S(f  is  made  in  laying  off  an  angle  what  is 
the  error  in  feet  at  a  distance  of  1500  feet  from  the  transit? 

23.  What  can  you  say  regarding  the  permissible  angular  error 
in  ordinary  transit  surveying?  p.  109.  24.  For  limits  ^^i^^  or 
higher  what  are  the  permissible  angular  errors,  and  how  may 
this  d^ree  of  precision  be  attained?  25.  What  is  meant  by 
consistent  accuracy  as  applied  to  the  relation  between  linear  and 
angular  measurement?  26.  When  is  it  not  desirable  to  main- 
tain this  consistent  accuracy?  27.  Suppose  that  contoiu*  points 
in  a  s\u*vey  should  be  located  to  the  nearest  foot  and  the  longest 
sight  does  not  exceed  600  feet,  how  accurately  must  angles  be 
read,  and  will  it  be  necessary  to  use  the  vernier?  28.  How 
accurately  must  an  angle  be  measured  to  locate  a  point  800  feet 
from  the  transit  within  i  inch?  29.  A  comer  of  a  building  is 
60  feet  from  a  transit  and  an  angle  and  a  distance  are  measured 
to  it  solely  for  purposes  of  plotting  to  a  scale  of  1  inch  =  50  feet, 
how  accurately  should  each  be  measured?  (Use  500  feet  in 
the  table  at  the  bottom  of  page  108,  changing  the  position  of  the 
decimal  point.)  30.  If  the  permissible  error  in  a  single  angle 
is  20^,  what  is  the  permissible  error  in  the  simi  of  the  interior 
angles  of  a  25-sided  polygon?  p.  110.  31.  What  would  be  the 
permissible  error  in  the  same  polygon  if  the  sides  averaged 
400  feet  in  length,  and  the  largest  discrepancy  allowed  between 
two  measurements  of  the  same  line  were  0.1  foot?  32.  Is  it  the 
general  tendency  in  transit  surveying  to  overestimate  the 
accuracy  required  in  angular  measurement  and  underestimate 
that  required  for  linear  measurements,  or  vice  veraaf 
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General  Directions  for  Exercises  Tr-l  to  Tr-ll. 

The  following  eleven  exercises  are  intended  to  fix  in  inind  the 
methods  explained  in  Chapter  XII,  p.  116.  These  exercises  are 
of  the  greatest  importance,  since  they  are  preparatory  to  actual 
surveys  to  be  taken  up  later  in  the  course. 

In  all  problems  drive  three  or  more  stakes  at  random  to  form 
a  triangle  or  polygon,  no  side  of  which  is  less  than  150  feet. 
Mark  each  stake  so  that  different  parties  mil  not  use  each  other's 
stations  by  mistake.  It  is  not  necessary  to  drive  stakes  flush  with 
the  ground ;  indeed,  it  is  better  to  drive  them  only  partway  in. 
In  the  top  of  each  stake  drive  a  wire  brad,  leaving  enough  of  the 
nail  projecting  above  the  stake  to  serve  as  a  sight,  thus  avoiding 
the  necessity  wherever  possible  of  holding  a  pencil  or  a  pole  on 
the  stake. 

In  the  direct  angle  methods  measure  all  angles  to  the  right, 
unless  otherwise  stated.  Unless  it  is  desirable  to  gain  additional 
practice  in  chaining,  measurements  of  the  lengths  of  the  sides  of 
triangles  or  polygons  may  be  omitted.  In  most  of  the  exercises 
two  men  can  work  to  advantage  in  a  party.  Each  should  check 
the  other's  work,  keep  complete  notes,  and  divide  the  work  of 
running  the  transit.  Thus,  for  example,  if  the  party  consists  of 
two  men,  one  can  run  the  transit  at  one  station,  the  other  at  the 
next  station,  and  so  on,  alternating.  In  the  azimuth  method, 
however,  it  is  desirable  for  one  man  to  run  the  transit  entirely 
around  the  triangle  or  polygon,  and  then  the  exercise  should  be 
repeated,  the  other  man  running  the  transit.  It  is  well  to  choose 
a  comparatively  level  piece  of  ground  for  all  of  these  exercises, 
where  no  difficulty  will  be  encountered  in  sighting. 

Equipment  for  Exercises  Tr-l  to  Tr-l  1 :  A  transit  reading  pref- 
erably to  minutes,  and  for  all  exercises  except  deflection  angle 
exercises,  graduated  according  to  the  full  circle  system.  Also 
hatchet,  stakes,  wire  brads,  crayon,  and  in  some  cases  sight  poles. 
If  the  lengths  of  sides  are  to  be  measured,  a  tape  and  plumb- 
bob  should  be  added  to  the  equipment. 

29 
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Exercise  Tr-1.  v 

Survey  of  a  Triangle  or  Polygon  by  the  Direct 

Angle  Method. 

References:  Pages  116-120,  §§  162-178. 

Equipment:  See  page  29  of  this  book. 

Directions:  1.  See  general  directions,  page  29  of  this  book. 
2.  Survey  the  triangle  or  polygon  without  doubling  angles, 
measuring  the  interior  angles.  Keep  notes  according  to  Form  1, 
p.  170.  Follow  as  far  as  possible  the  method  of  procedure  on 
p.  154,  §  220  (a). 

Questions:  1.  Define  transit  station,  transit  line,  and  transit 
angle,  p.  116.  2.  What  are  transit  lines  used  for?  p.  116,  §  165. 
5.  Give  the  general  method  of  running  transit  lines,  p.  1 16,  §  166. 
4.  Define  transit-line  angle  and  explain  how  to  avoid'  ambiguity 
in  the  notes,  p.  117,  §  167.  5.  Define  deflection  angle,  a  system 
of  transit  lines,  traverse,  triangulation.  6.  What  is  the  differ- 
ence between  angles  to  the  right  and  angles  to  the  left?  p.  118. 
7.  If  angles  are  measured  to  the  right,  in  what  direction  must  one 
go  around  a  polygon  in  order  to  measure  interior  angles?  p.  118, 
§  173.  8.  Give  the  rule  for  a  closing  check  on  transit-line  angles. 
9.  If  the  ratio  of  precision  in  chaining  for  a  given  survey  is 
s^io^  how  accurately  should  transit-line  angles  be  measured  to 
obtain  a  corresponding  degree  of  accuracy  in  angular  measure- 
ment? p.  108,  §  152.  10.  If  the  permissible  error  in  the  meas- 
urement of  a  single  angle  is  30  seconds,  what  is  the  permissible 
error  in  the  sum  of  the  interior  angles  of  a  polygon  of  nine  sides? 
p.  110.    Is  this  error  the  same  thing  as  "  error  of  closure  "  ?  p.  119. 

Questions  on  Methods  of  Keejnng  Field  Xotes  in  Transit  Suirey- 
ing:  1.  Describe  the  different  systems  of  keeping  field  notes, 
p.  164,  §§  229  and  231.  2.  How  may  notes  pertaining  to  transit 
lines  be  distinguished  from  other  notes,  and  what  is  the  object 
in  doing  this?  p.  165,  §  230.  3.  Explain  the  tabulated  form  of 
notes.  §  232.  4.  Explain  the  sketch  method.  §  233.  5.  Explain 
the  combination  method.  §  234.  6.  Compare  the  three  methods. 
7.  "WTien  should  notes  read  from  the  bottom  up?  §  235.  8.  What 
should  the  field  notes  include?  §  236.  9.  Give  suggestions  for 
avoiding  crowded  notes.  §  237.  10.  Give  general  suggestions 
/or  keeping  field  notes.  §§239  and  240.  11.  Give  the  advantages 
and  disadvantages  of  Form  1,  p.  IIQ. 
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Exercise  Tr-2. 

Measuring  the  Exterior  Angles  of  a  Triangle  or 

Polygon. 

References  J  Equipment^  and  Directions,  same  as  for  the  preceding 
exercise,  except  that  exterior  angles  are  measured  instead  of  in- 
tenor,  by  going  around  the  polygon  in  the  opposite  direction. 


Exercise  Tr-3. 

Doubling  the  Interior  Angles  of  a  Triangle  or 

Polygon. 

Reference:  Page  99,  §  138. 

Equipment:  See  page  29  of  this  book. 

Directions:  1.  See  general  directions,  page  29  of  this  book. 
2.  Measure  the  interior  angle  of  the  triangle  or  polygon,  doubling 
each  angle  according  to  the  method  on  p.  99,  §  138.  Keep  notes 
according  to  Form  4,  p.  173,  omitting  the  last  two  columns. 
Follow  as  far  as  possible  the  method  of  procedure  on  p.  154, 
§  220  (b). 

Questions:  1.  Explain  the  method  of  measuring  angles  by 
repetition,  p.  99.  2.  Explain  the  use  of  clamps  in  repeating 
the  angles.  Cautiori,  p.  100.  3.  When  is  it  necessary  to  add 
multiples  of  360°?  §  138  (d).  4.  What  is  the  advantage  of 
doubling  angles?  5.  What  is  the  greatest  number  of  repetitions 
usually  used  for  a  single  angle?  §  138  (c). 


Exercise  Tr-4. 

Doubling  the  Exterior  Angles  of  a  .Triangle  or 

Polygon. 

References,  Equipment,  and  Directions,  same  as  for  the  preced- 
ing exercise,  except  that  the  exterior  angles  are  measured  instead 
of  the  interior. 
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Exercise  Tr-5. 

Measuring  the  Interior  Angles  of  a  Triangle  or 
Polygon,  and  Checking  by  Calculated 

Bearings. 

References:  Page  126,  §  189; p.  101,  §  143;  pp.  111-113,  §§  153- 
159;  also  pp.  541-543,  566;  Chapter  XXX,  p.  378. 

Equipment:  See  page  29  of  this  book. 

Directions:  1.  See  general  directions,  page  29  of  this  book. 
2.  Set  up  at  any  station,  backsight  on  a  preceding  station,  lower 
the  needle  on  its  pivot,  and  read  the  bearing  of  the  line  to  the 
backsight,  p.  101.  3.  Meiasure  the  interior  angle  clockwise  and 
check  this  angle  by  the  calculated  bearing  as  in  Chapter  XXX, 
p.  378.  4.  Set  up  at  the  next  station,  measure  the  interior  angle, 
and  from  the  calculated  bearing  of  the  preceding  line  calculate  the 
bearing  of  the  next  line.  Check  this  calculated  bearing  by  read- 
ing the  needle.  5.  Continue  in  the  same  way  until  the  interior 
angle  at  each  station  has  been  measured.  The  discrepancy 
between  the  bearing  of  the  first  line  as  calculated  at  the  last 
station  and  the  magnetic  bearing  of  this  same  line  as  read  at  the 
first  station  should  equal  the  error  in  the  sum  of  the  interior 
angles  as  revealed  by  the  check  on  p.  119. 

Field  Notes:  Keep  notes  according  to  Form  4,  p.  173,  omitting 
of  course  the  double  value  of  the  angle.  Arrange  computations 
of  calculated  bearings  in  a  fonn  similar  to  that  on  p.  382. 

Suggestion:  Before  beginning  this  exercise  in  the  field,  the  class  should  be 
drilled  in  calculating  bearings;  some  of  the  examples  on  p.  116  of  this  book 
may  be  given  for  practice. 

Questions:  1.  Define  magnetic  declination,  agonic  line,  local 
attraction,  p.  Ill,  §  153.  2.  Define  the  bearing  of  a  line  and 
illustrate  by  a  sketch,  p.  111.  3.  Difference  between  true 
bearing  and  magnetic  bearing?  4.  Why  will  the  true  bearing  of 
a  line  change  if  the  line  is  prolonged  far  enough  with  a  transit? 
5.  Explain  what  is  meant  by  forward  bearing  and  back  bearing 
and  illustrate  by  a  sketch,  p.  112.  6.  If  the  bearing  of  line  AB 
is  N.  47°  W.,  what  is  the  bearing  of  iSA?  Note,  p.  113.  7.  Which 
bearings  are  usually  kept  in  a  survey  forward  or  back?  p.  113. 
8.  Give  some  of  the  facts  to  remember  concerning  bearings. 
p,  JL^,    9.  Which  end  of  the  compaBs  needle  is  read?  p.  101, 


BXEBCISES  IN   BUNNING    fUANSIT   LINBS.         33 

i  143.  10.  When  is  the  other  end  read?  p.  102.  11.  Why  are 
positions  of  the  letters  E.  and  W.  interchanged  in  the  compass 
box?  p.  102.  12.  Give  the  directions  to  be  observed  in  reading 
bearings,  p.  103.  13.  Explain  why  the  calculated  bearings  are 
entirely  independent  of  magnetic  bearings,  p.  126,  §  189.  14.  Can 
the  angle  at  any  station  be  checked  by  calculated  bearings  when 
there  is  local  attraction  at  that  station?  Remark,  p.  126. 
15.  Suppose  that  when  an  angle  is  measured  at  the  second  station, 
the  calculated  bearing  and  the  magnetic  bearing  of  the  line  to  the 
third  station  do  not  agree,  and  that  this  discrepancy  continues  at 
succeeding  stations,  what  would  this  indicate?  16.  Is  a  true 
north  and  south  Une  ever  used  as  a  basis  for  calculated  bearings? 
Note,  p.  127,  p.  124,  §  185.  17.  What  is  the  check  for  a  closed 
polygon?  p.  127. 

Note:  For  additional  questions  pertaining  to  the  compass,  see  Exercise  Co-2, 
page  70  of  this  book,  and  for  questions  pertaining  to  the  calculation  of 
bearings,  see  page  116  of.  this  book. 


Exercise  Tr-6. 

Measuring  tiie  Interior  Angles  of  a  Triangle  or 

Polygon  to  tiie  Left. 

References  and  Equipment,  same  as  for  the  preceding  exercise. 

Directions:  Repeat  the  preceding  exercise,  measuring  angles 
to  the  left  instead  of  to  the  right.  Keep  notes  same  as  for  corre- 
sponding exercise,  except  it  should  be  noted  that  all  angles  are 
measured  to  the  left  from  the  backsight.  Keep  magnetic  and 
calculated  bearings. 


Exercise  Tr-7. 

Measuring  tiie  Exterior  Angles  of  a  Triangle  or 

Polygon  to  tlie  Left. 

Same  as  the  preceding  exercise,  except  exterior  angles  are 
measured  instead  of  interior. 
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Exercise  Tr-8. 

Measuring  the  Deflection  Angles  of  a  Triangle  or 

Polygon. 

References:  Page  117,  §  168;  page  120,  §  179;  page  155,  §  221. 
Equipment:  See  page  29  of  this  book. 

Directions:  1.  See  general  directions,  page  29  of  this  book. 

2.  Measure  the  deflection  angles  of  the  triangle  or  polygon 
according  to  the  method  explained  on  page  120.  Keep  notes 
according  to  Form  5,  page  173,  following  as  far  as  possible  the 
method  of  procedure  on  page  155.  Assuming  the  magnetic  bear- 
ing of  the  first  backsight  as  a  basis,  keep  the  calculated  bearings 
as  in  the  preceding  exercises. 

Suggestion:  If  preferred,  stakes  may  be  set  at  random  so  that  the  line 
progresses  more  or  less  in  one  general  direction  instead  of  forming  a  polygon. 

Questions:  1.  What  system  of  numbering  for  the  graduations 
on  the  limb  is  preferable  for  measuring  deflection  angles?  p.  75, 
§  96  (c) ;  also  Remark,  bottom  of  p.  73.  2.  Give  a  valuable 
check  used  in  the  deflection  angle  method,  p.  155,  §  221  (b). 

3.  If  it  were  desired  to  double  deflection  angles,  how  would  you 
proceed?  p.  100,  §  138  (e).  4.  What  error  is  thus  eliminated? 
5.  What  check  may  be  used  when  calculated  bearings  are  kept? 
Bottom  of  page  155.  6.  Explain  how  setting  the  B  vernier  at 
the  original  deflection  angle  gives  a  double  check.  Step  8,  p.  155. 
7.  Explain  two  forms  for  keeping  notes  for  deflection  angles  and 
the  advantages  and  disadvantages  of  each.  pp.  173,  174. 


Exercise  Tr-9. 

Survey  of  a  Triangle  or  Polygon  by  the  First 

Azimuth  Method. 

References:  Pages  114,  115;  p.  120,  §  180  (a),  (b),  (c);  also 
p.  156,  §  222. 

Equipment:  See  page  29  of  this  book. 

Directions:  1.  See  general  directions,  page  29  of  this  book. 
2.  Survey  the  triangle  or  poYygpxv  by  the  first  azimuth  method,     i 
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p.  121,  going  around  the  triangle  clockwise.  Assume  a  magnetic 
north  and  south  line  for  a  meridian.  Keep  notes  according  to 
Form  7,  p.  174.     Check  all  azimuths  by  magnetic  bearings. 

Suggestion:  If  the  party  consists  of  two  men,  one  should  run  the  transit 
until  the  exercise  is  completed,  and  then  the  worlc  may  be  repeated,  the  other 
man  running  the  transit  and  going  around  the  triangle  or  polygon  in  tha 
opposite  direction. 

Questions:  1.  Define  the  azimuth  of  a  line.  p.  114.  2.  Why 
do  many  surveyors  measure  azimuths  from  the  south  as  a  starting- 
point  instead  of  the  north?  3.  What  is  the  chief  advantage  in 
measuring  azimuths  from  the  north?  4.  Is  the  azimuth  always 
measured  from  a  north  and  south  line  as  a  reference  line?  §  160(c). 
5.  Explain  the  difference  between  forward  azimuth  and  back 
azimuth.  6.  Compare  the  method  of  measuring  azimuths  with 
the  method  of  measuring  bearings,  p.  115,  §  161.  7.  Give 
additional  /acts  to  remember  about  azimuths.  §  161.  8.  By 
means  of  a  sketch  explain  the  first  method  of  running  transit 
lines  by  azimuths,  p.  121.  9.  What  precautions  should  be 
taken  in  beginning  a  survey  by  azimuths?  p.  123,  §  182.  10.  How 
may  azimuths  be  checked  by  the  magnetic  needle?  p.  124,  §  184. 
ir.  If  at  any  station  the  azimuth  and  bearing  of  a  line  disagree, 
does  it  necessarily  follow  that  the  former  is  incorrect?  p.  123,  §182. 
12.  What  other  meridians  are  used  besides  the  magnetic  north 
and  south  line?  p.  124,  §§  185,  186.  13.  If  a  true  north  and  south 
line  is  used  as  a  reference  meridian,  how  should  the  compass  be 
adjusted?  14.  What  is  the  advantage  of  such  a  meridian? 
15.  What  is  the  disadvantage  of  using  a  line  assumed  at  random 
as  a  reference  meridian?  §  186.  16.  What  is  meant  by  orienting 
the  transit?  p.  125.  17.  In  step  5,  p.  156,  how  does  setting  the 
vernier  at  the  forward  azimuth  act  as  a  check?  If  the  line  of 
sight  does  not  exactly  strike  the  foresight,  what  should  be  done? 
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Exercise  Tr-10. 

eJurvey  of  a  Triangle  or  Polygon  by  the  Second 

Azimuth  Method. 

References:  Page  122,  §  180  (d),  §§  181, 183 ;  also  p.  156,  §  222  (b) 

Equipment:  See  page  29  of  this  book. 

Directions:  1.  See  general  directions,  page  29  of  this  book. 
2.  Proceed  as  in  the  preceding  exercise,  but  use  the  second 
azimuth  method  instead  of  the  first. 

Questions:  1 .  By  means  of  a  sketch  explain  the  second  azimuth 
method,  p.  122.  2.  Compare  step  by  step  the  two  azimuth 
methods.  §  181.  3.  Give  the  advantages  and  disadvantages  of 
each  of  the  two  azimuth  methods.  §  183. 

Note:  If  time  permits,  repeat  this  problem  but  go  around  the  triangle  oi 
DoIygoQ  counter-clockwise. 


Exercise  Tr-ll. 

Survey  of  a  Triangle  or  Polygon  hy  the  Method 

of  Bearings. 

References:  Page  125,  §  188;  also  p.  156,  §  222  (d). 

Equipment:  See  page  29  of  this  book. 

Directions:  1.  See  general  directions,  page  29  of  this  book. 
2.  Assume  either  a  true  north  and  south  line  or  a  magnetic  north 
and  south  line  as  a  reference  meridian,  and  proceed  exactly  as 
directed  in  Exercise  Tr-9,  but  use  the  method  of  bearings  as 
explained  on  page  125  instead  of  the  method  of  azimuths. 

Questions:  1.  Explain  by  a  sketch  the  method  of  running 
transit  lines  by  bearings.  2.  Which  of  two  zeroes  on  the  limb 
should  be  called  the  north  zero,  and  why,  in  most  cases,  would 
this  zero  really  be  nearer  the  south  end  of  a  telescope  pointed 
north?  Xote,  bottom  of  p.  125.  3.  What  is  a  common  mistake 
in  this  method?  Caution,  p.  126.  4.  What  precautions  should 
be  taken  in  starting  the  survey?     Note,  p.  126. 

Note:  As  this  method  of  bearings  is  not  commonly  used,  it  may  be  wdl 
to  omit  the  field  work  in  this  exercise,  simply  discussing  the  above  questions 
in  class 
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Exercise  Tr-12. 

Questions  on  tlie  Methods  of  Running  Transit  Lines 

or  Traverses. 

Reference:  Pages  127-131. 

Questions:    1.   Give  the  advantages  and  disadvantages  of  the 
direct  angle  method,  p.  127.      2.   Give  the  method  of  procedure 
for   the  direct   angle   method   at   any  one    station,    (a)    when 
angles  are  not  doubled;    (b)  when  angles  are  doubled,   p.  154. 
3.    Give  the  advantages  and  disadvantages  of  the  deflection 
angle  method,  p.   128.     4.   Give  the  method  of  procedure  for 
the  deflection  angle  method,  p.  155.     5.   Give  the  advantages 
and  disadvantages  of  the  azimuth  method,  p.   128.     6.   Give 
the    method    of    procedure    for   the    azimuth    method,  p.  156. 
7.    Give  the  advantages  and  disadvantages  of  the  method  of 
bearings,  p.   129.     8.   Give  the  |id vantages  and  disadvantages 
of   the   method   of   calculated    bearings,  p.  129.     9.    Give    the 
advantages   and   disadvantages   of   the   method   of   measuring 
angles  by  repetition,  p.  130.     10.    For  what  purposes  are  transit 
linps  used?  p.  130.     11.    Does  a  system  of  transit  lines  neces- 
sarily close?  p.  130.     12.    Does  it  make  any  difference  whether 
the  exterior  or  interior  angles  of  the  polygon  are  measured? 
p.    130.     13.    What  is  the  check  for  the  sum  of  the  interior 
angles  of  a  polygon?  p.  119.     14.    What  is  meant  by  the  error 
of  closure?     To  what  is  it  due?  p.  119.     15.    Name  four  meth- 
ods of  running  transit  lines.     16.    What  is  the  principal  differ- 
ence between  the  direct  angle  and  the  deflection  angle  methods? 
17.   What  are  the  three  different  kinds  of  meridians  used  in 
the  azimuth  method?     When  would  you  use  one  and  wheh  the 
other?  p.  130.     18.    Give  two  methods  of  orienting  the  transit 
in   the   azimuth    method,  p.  131.     19.   What    does   a   discrep- 
ancy between  the  azimuth  and  the  magnetic  bearing  of  a  line 
indicate?  p.  131.     20.   What  is  the  purpose  of  keeping  calcu- 
lated bearings,  and  when  would  you  use  this  method?  p.  131. 

21.  Name  some  of  the  places  where  any  method  of  checking 
foresight  lines  by  the  magnetic  needle  would  be  useless,  p.  131. 

22.  When  would  you  use  the  method  of  doubling  angles?  p.  131 . 


GROUP  Ts. 

TRANSIT  SURVEYS. 

The  first  three  exercises  in  this  group  are  intended  for  class-room  discussion, 
the  object  being  to  help  the  student  to  gain  a  working  knowledge  of  the 
general  methods  used  in  making  an  ordinary  transit  survey.  He  will  then 
be  better  prepared  to  undertake  the  actual  surveys  suggested  in  the  last 
exercise  of  this  group. 

Exercise  Ts-l. 
Discussion  of  tlie  Methods  of  Locating  Details. 

(For  questions  on  the  methods  of  locating  details  by  linear  measurements 
only,  see  page  15  of  this'  book.) 

1.  Give  the  general  method  of  locating  objects  from  transit 
lines,  p.  133.  2.  Are  all  parts  of  the  same  object  always 
located  from  one  transit  station?  p.  133.  3.  Give  a  couimon 
method  of  locating  objects  by  angles  and  distances,  p.  134, 
§  195  (a).  4.  Give  the  corresponding  method  fCr  azimuths  and 
distances.  5.  Give  the  methdd  of  locating  a  building  by  pro- 
longing  one   side   until   it   intersects   the   transit    line.  p.  135. 

6.  Give  a  method  for  locating  large  or  irregular  curves,  p.  135. 

7.  Give  the  method  of  locating  a  point  by  an  angle  and  a  dis- 
tance, when  the  distance  is  measured  from  some  fixed  point 
other  than  the  transit  station.  Illustrate  by  the  location  of  a 
building,  p.  136,  §  195  (d).  8.  How  is  the  method  of  the  pre- 
ceding question  used  for  determining  the  direction  of  a  street 
line?  §  195  (e).  9.  Explain  the  method  of  locating  an  irregular 
line,  as,  for  example,  the  bank  of  a  stream,  by  a  base  line  and 
two  intersecting  angles,  p.  137,  §  196.  10.  Give  some  practical 
suggestions  for  locating  points  on  the  water  by  the  method  of 
the  preceding  question,  i.e.  methods  of  taking  angles,  of  keeping 
notes  and  of  giving  signals,  p.  203,  §  261.  11.  Give  the  three- 
point   method  of   locating  points  on   the   water,  p.  137,  §  197. 

12.  Give    four    methods    of    locating    boundary    lines,  p.  141. 

13.  Give  the  advantages  and  disadvantages  of  the  different 
methods  of   the  preceding  question,  pp.  141,   142;    also   §  216. 

14.  What  are  the  two  most  common  methods  of  locating 
details?  p    156,  §  223. 

Note:  The  above  questions  should  be  supplemented  by  a  careful  discus- 
sion of  the  methods  used  for  locating  details  in  the  various  surveys  illustrated 
on  pages  176  to  190.     {See  Questions  22  to  28  of  the  next  exercise.)     Study 
with  special  care  IllustratioQ  V  p.  184,  as  it  shows  a  large  variety  of  methods 
of  locating  details. 
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Exercise  T8-2. 
Discussion  of  the  Methods  of  Keeping  Field  Notes. 

Reference:  Chapter  XV,  page  164. 

Questions:  1.  What  can  you  say  regarding  the  different 
methods  of  keeping  field  notes?  p.  164.  2.  Why  should  notes 
pertaining  to  transit  lines  be  distinguished  from  ail  other  notes? 
p.  165.     3.   Give  several  methods  of  accomplishing  this  result. 

4.  Explain   the   three  general   forms   used   in   keeping   notes? 

5.  When   can    the    tabulated    form    be    used     to    advantage? 

6.  What  are  the  advantages  and  disadvantages  of  the  sketch 
method?  7.  Give  suggestions  for  keeping  notes  by  the  com- 
bination method,  p.  166.  8.  When  should  notes  read  from 
the  bottom  of  the  page  upward?  9.  What  two  kinds  of  data 
should  field  notes  include?  p.  167.  10.  Give  suggestions  for 
avoiding  crowded  notes.  11.  How  are  several  pages  of  notea 
made  continuous?  12.  Give  suggestions  for  a  general  sketch  of 
transit  lines,  p.  168.  13.  What  must  be  made  clear  in  the 
notes  regarding  any  linear  measurement?  Regarding  anj 
angle?  14.  What  is  the  difference  between  entering  an  angle 
in  the  notes  as  ABC  and  CBA?  (See  Note,  p.  90.)  15.  What 
else  must  be  understood  to  make  a  notation  such  as  ABC 
perfectly  definite?  p.  117.  16.  What  should  be  a  constant 
thought  in  keeping  notes?  Suggestions,  p.  169.  17.  What  are 
the  advantages  of  Form  1,  p.  170?  Disadvantages?  18.  Inter- 
pret the  notes  on  p.  172;  give  the  advantage  and  disadvantages 
of  this  form.  19.  Interpret  Form  4,  p.  173.  What  unnecessary 
check  seems  to  have  been  employed,  judging  from  the  notes  as 
they  stand?  (See  Comments,  p.  154.)  20.  Interpret  Form  5, 
p.  173;  give  the  advantages  and  disadvantages  of  this  form: 
compare  it  with  Form  6,  p.  174.  21.  Interpret  form  7,  p.  174. 
22.  Describe  how  the  survey  on  page  177  was  made,  explaining 
how  the  notes  for  each  step  were  recorded.  23.  Describe  how 
the  survey  on  page  179  was  made,  and  comment  upon  the  notes. 
24.  Describe  how  the  survey  shown  on  the  insert  sheet  opposite 
page  190  was  made.  Comment  upon  special  features  of  the 
notes,  p.  181.  25.  Describe  the  survey  on  p.  183  and  comment 
upon  the  notes.  26.  Interpret  the  notes  of  Illustration  V  on  the 
insert  sheet  opposite  p.  190,  explaining  carefully  how  each  point 
was  located.  27.  Interpret  the  notes  on  p.  187.  28.  Interpret 
the  notes  on  p.  189,  and  explain  importaut  sie^amWvfc^vsxN^^, 
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Exercise  Ts-3. 

Discussion  of  Practical  Questions  of  Field  Work  in 

Transit  Surveying. 

1.  Describe  the  signals  commonly  used  in  field  work.  p.  146. 
2.  Give  the  general  method  of  making  a  transit  survey,  p.  146; 
p.  132,  §§  192,  193.  3.  Give  different  methods  of  establishing 
a  transit  station.  §  207.  4.  Give  methods  of  marking  guard 
stakes.  5.  Give  suggestions  for  numbering  or  lettering  stations, 
p.  147.  6.  Give  suggestions  for  choosing  a  place  for  a  transit 
station,  p.  148.  7.  Give  methods  of  referencing  a  station, 
p.  148,  p.  54,  p.  203.  8.  What  is  the  first  consideration  gov- 
erning field  work?  p.  149,  §  214.  9.  What  relation  between  field 
work  and  office  work  should  be  kept  in  mind?  p.  149.  10.  Give 
suggestions  for  determining  where  to  run  transit  lines,  p.  149. 
11.  Illustrate  the  preceding  question  by  different  methods  of 
making  a  boundary  survey,  compare  the  different  methods, 
and  show  how  the  field  work  and  office  work  may  be  affected 
by  the  choice  of  stations,  p.  150.  12.  WTiat  method  of  running 
transit  lines  would  you  use  for  city  work?  what  method  for 
country  surveying?  for  stadia  and  topographic  surveying? 
p.  151.  13.  In  what  kind  of  work  is  the  deflection  angle 
method  used?  p.  151.  14.  Are  different  methods  ever  com- 
bined in  the  same  survey?  p.  151.  15.  Give  suggestions  for 
running  transit  lines  with  reference  to  precautions  taken  and 
checks  used.  p.  152.  16.  What  are  some  of  the  precautions 
and  checks  involved  in  any  systematic  method  of  procedure? 
p.  153.  17.  Why  should  some  systematic  method  of  procedure 
be  followed?  Remark ^  p.  154.  18.  Give  the  method  of  pro- 
cedure for  the  direct  angle  method  when  angles  are  not  doubled; 
when  angles  are  doubled,  p.  154.  19.  Give  the  method  of 
procedure  for  the  deflection  angle  method,  p.  155.  20.  Give 
the  method  of  procedure  for  the  azimuth  method,  p.  155. 
21.  When  several  methods  of  locating  a  detail  may  be  em- 
ployed, give  some  of  the  considerations  which  would  influence 
you  in  the  choice  of  method,  p.  156.  22.  Give  suggestions  for 
selecting  points  of  an  object  to  be  located,  p.  157.  23.  In 
filling  in  the  details  of  a  survey,  should  all  measurements  be 
taken  with  equal  accuracy?  p.  157.  24.  Give  suggestioDS  for 
locating  etreet  lines,  p.*  158.    25.  \xi  Voc^Xva^  buildings,  what  ia 
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always  necessary  to  complete  the  work?  Practical  suggestions, 
p.  158.  26.  Should  the  lengths  of  boundary  lines  be  meas- 
ured? 27.  If  the  comer  of  a  building  is  100  feet  from  the 
transit,  and  the  map  is  to  be  plotted  to  the  scale  of  one  inch 
equals  50  feet,  how  close  should  the  angle  to  a  comer  be  read 
for  the  purpose  of  locating  the  comer  by  angle  and  distance? 
See  Qitestion,  p.  158;  also  p.  105,  §  147.  28.  Give  some  general 
suggestions  for  staking  out  work.  p.  158.  29.  Discuss  the 
different   methods   of   keeping  field   notes,   pp.    164,    165,  166. 

30.  Give  general  suggestions  for  keeping  field  notes;  pp.  167-169. 

31.  Summarize  the  important  points  brought  out  in  the  dis- 
cussion of  errors,  p.  159,  §  226.  32.  What  are  the  permissible 
errors  of  closure  for  different  classes  of  work?  p.  160,  §  227. 
33.  Discuss  the  duties  of  the  different  members  of  a  transit 
party,  p.  161. 


Exercise  Ts-4. 

Transit  Survey  of  a  Small  Area. 

Reference:  Chapter  XIV,  p.  145. 

Equipment:  See  Art.  204,  p.  145.  If  the  party  consists  of 
four  men  the  chainmen  should  divide  between  them  the  equip- 
ment of  the  axeman  and  flagman. 

Directions:  Make  a  survey  of  a  small  tract  of  land,  locating  all 
important  features  such  as  boundaries,  buildings,  and  fences. 
Use  the  direct  angle  method  of  running  transit  lines;  double 
all  transit  line  angles,  but  do  not  double  angles  in  locating 
details.  Follow  carefully  the  method  of  procedure  given  in 
AHicle  220  (6),  page  154. 

Note:  At  the  beginning  of  this  exercise  it  is  well  for  the  instructor  to 
take  each  party  over  the  tract  to  be  surveyed,  discussing  where  to  run  the 
traii^it  lines  (p.  149),  and  choosing,  tentatively,  places  for  transit  stations 
(p.  148).  It  should  be  clearly  understood  what  details  are  to  be  located, 
though  the  choice  of  method  for  locating  each  point  may  be  left  to  the 
student.  Methods  of  marking  guard  stakes,  of  keeping  notes,  of  locating 
details  and  other  questions  pertaining  to  field  work  suggested  in  the  three 
preceding  exercises  should  be  discussed  thoroughly  before  beginning  this 
exercise. 

-  Exercises  similar  to  this  but  involving  different  methods  of  running  transit 
lines  should  be  given  also.  It  is  better  to  make  several  small  surveys  by 
different  methods  than  to  make  one  large  survey  in  which  only  one  method 
of  running  transit  lines  is  used. 


GROUP  Tp. 

SPECIAL  PROBLEMS  IN  TRANSIT  SURVEYING. 

The  first  seven  exercises  in  this  group  are  illustrations  oi  geometrical  and 
trigonometrical  problems  which  occasionally  arise  in  transit  surveying,  but 
which  are  of  too  infrequent  occurrence  to  be  considered  a  part  of  routine 
field  work.  The  remaining  three  exercises  are  special  problems  in  staking 
out  work. 

Exercise  Tp-1. 
Practice  in  Triangulation. 

Reference:  Chapter  XVI,  page  191. 

Equipment:  Transit,  reading  preferably  to  30  or  20  seconds. 

Directions:  1.  Establish  several  tripod  signals  similar  to  that 
described  on  page  198,  §  252.  This  should  be  done  once  for  all 
by  the  whole  class.  2.  Measure  the  angles  at  each  station 
according  to  the  method  described  in  §  250.  Keep  notes 
according  to  form  on  p.  197. 

Suggestions:  Each  man  in  the  squad  should  measure  as  many  angles  as 
time  permits,  using  different  transits  if  practicable.  Limits  of  error  should 
be  established  by  the  instructor.  See  p.  199,  §  253.  If  desired,  a  base 
line  may  be  laid  out  and  a  regular  network  of  triangles  established, 
although  it  is  probably  better  to  leave  this  until  a  regular  survey  is  made, 
as  the  main  object  of  this  exercise  is  to  accustom  the  student  to  the  method 
of  measuring  angles. 

Questions:  1.  What  is  meant  by  triangulation  and  a  net- 
work or  system  of  triangles?  p.  191.  2.  When  would  triangu- 
lation be  employed?  §  244  (a).  3.  How  large  an  area  may  be 
covered   by   triangulation  in   plane  surveying?   p.  191,  §  244. 

4.  Give  some  of  the  sources  of  error  in  triangulation.  p.  191. 

5.  Give  some  of  the  things  to  be  considered  in  the  choice  of 
stations,  p.  192.  6.  What  are  some  of  the  things  to  be  con- 
sidered in  choosing  a  place  for  a  base  line?  p.  193.  7.  If  the 
base  line  is  laid  off  on  a  railroad  track,  how  may  the  ends  of  the 
base  be  transferred  to  points  not  on  the  railroad?  Bottom  of 
p.  193.  8.  When  are  new  or  additional  base  lines  introduced 
in  an  extensive  survey?  9.  What  considerations  govern  the 
length  of  the  base  line?  p.  194.  10.  Give  different  methods  of 
ineasuring  a  base  line.  p.  194.     11.    If  it  is  impossible  to  estab- 

Jj'sh  a  single  line  of  sufficient  \et\^\\  \o\  a,  V>^vse  line,  how  would 

4*2 
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you  proceed?  Remark,  p.  193.  12.  What  angles  are  measured 
in  triangulation?  p.  194.  13.  Give  the  sources  of  error  which 
should  be  eliminated  in  the  measurement  of  angles,  p.  194. 
§  250.  14.  Give  a  method  of  procedure  involving  the  method 
of  repetition,  p.  195.  15.  Give  some  practical  suggestions  for 
measuring  angles,  p.  19G.  16.  Give  suggestions  for  keeping 
field  notes  for  triangulation.  p.  198.  17.  Give  some  practical 
suggestions  for  constructing  signals,  p.  198.  18.  What  should 
be  the  diameter  of  the  mast?  p.  199.  19.  What  errors  are 
allowable  in  centering  a  mast  over  a  station?  p.  199.  20.  What 
is  meant  by  the  eccentricity  of  a  station?  Give  an  illustration, 
p.  199.  21.  Give  examples  of  the  accuracy  attained  in  actual 
practice,  p.  199,  §  253.  22.  How  may  trigonometric  leveling  be 
combined  with  triangulation?  p.  200. 


Exercise  Tp-2. 
To  Prolong  a  Straight  Line  through  an  Obstacle. 

References:  Page  219,  §§  270,  277. 

Equipment:  Transit,  steel  tape,  stakes,  hatchet,  sight  poles, 
and  chain  pins. 

Directions:  1.  Drive  two  stakes,  A  and  B,  from  150  to  200 
feet  apart.  2.  Prolong  this  line  through  an  imaginary  obstacle 
by  the  second  method  of  §  277  (a),  p.  220.  3.  Check  by  the 
third  method.  4.  After  the  work  has  been  checked  by  the 
third  method,  sight  along  the  hne  through  the  imaginary 
obstacle  as  an  additional  check. 

Field  Notes:  Make  a  complete  sketch  showing  all  angles  and 
distances  measured  or  laid  off.  Show  the  error  made  in 
alignment. 

Suggestion:  For  class  work  an  imaginary  obstacle  is  better  than  a  real 
obstacle,  as  it  permits  the  check  of  step  (4)  above.  If  time  permits,  how- 
ever, it  is  well  to  repeat  the  problem,  running  a  line  through  a  real  obstacle 
instead  of  an  imaginary  one. 

Questions:  1.  When  is  the  rectangle  method  of  Fig.  277  (a)  a 
satisfactory  one  to  use?  "  2.  How  can  short  backsights  be 
avoided  in  the  rectangle  method?  3.  What  is  the  advantage 
of  the  equilateral-triangle  method  as  corcipaLxeA  m\>[\.  \)cv&  ^t^cisx^ 
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method  of  §  277?  4.  What  is  the  sole  advantage  of  the  third 
method?  5.  Give  practical  suggestions  for  laying  oflf  the 
angles. 

Note:  Problems  Tp-2  to  Tp-6  are  special  cases  of  triang^Iaiion,  and  if 
great  accuracy  were  required  refined  methods  of  measuring  base  lines  and 
angles  would  be  employed.  It  is  sufficient,  however,  for  class  work,  to 
dispense  with  this,  using  only  such  precautions  as  are  taken  in  ordinar>' 
transit  surveying. 

Exercise  Tp-3. 

To  Run  a  Line  between  Two  Given  Points  when 

an  Obstacle  Intervenes. 

Reference:  Page  221,  §  277  (b). 

Equipment:  Transit,  tape,  hatchet,  stakes,  and  sight  poles. 

Directions:  1.  Drive  two  stakes  A  and  B  from  200  to  300 
feet  apart.  2.  Imagine  an  obstacle  about  half  way  between 
them,  and  run  a  line  from  A  to  B  by  the  first  method  of  Fig. 
277  (b).  3.  Check  by  the  second  method  of  Fig.  277  (b). 
4.   Sight  from  A  to  B  as  a  final  check. 

Field  Notes  and  Suggestions:  See  preceding  problem. 

Questions:     1.    Draw   a  sketch   illustrating  a   third  method. 

Compare  the  two  methods  of  Fig.  277  (b). 


Exercise  Tp-4. 

To  Measure  between  Two  Points  when  One  is 

Inaccessible. 

Reference:  Page  222,  §  277  (c). 

Equipment:  Transit,  steel  tape,  hatchet,  stakes,  sight  pole, 
and  chain  pins. 

Directions:  1.  Drive  two  stakes  A  and  B  from  200  to  300 
feet  apart,  and  assume  B  to  be  inaccessible.  2.  Find  the 
distance  from  A  to  B  by  the  first  method,  Fig.  277  (c).  3. 
Check  the  distance  AB  hy  the  second  method.  4.  Measure  the 
distance  A  B  with  the  tape  as  an  additional  check. 

Field  Xotes:    1.   Make  a  sketch  showing  all  angles  and  dis- 
tances measured  ot  laid  off.     2.   Arrange  computations  system- 
atically,  and  give  the  discrepaivcy  VjeXwefew  XJci?'.  X^Tv^tJis  oi  AB 
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as  found  in  steps  (2)  and  (3)  and  its  lefigth  as  found  by  meas- 
urement with  the  tape. 

Questions:  1.  Compare  the  first  and  second  method.  2.  Give 
a  third  method  that  may  be  used  when  both  ends  of  the  line  are 
accessible.  3.  Hqw  may  each  of  the  three  methods  be  checked 
without  resorting  to  a  different  method?  4.  Explain  by  means 
of  a  sketch  how  to  measure  the  distance  between  two  given 
points  when  one  is  invisible  from  the  other  and  is  also  inacces- 
sible, p.  223. 

Exercise  Tp-5. 

To  Measure  between  Two  Points  wtien  Both  are 

Inaccessible. 

Reference:  Page  223,  §  277  (e). 

Equipment:  Transit,  steel  tape,  stakes,  hatchet,  chain  pins, 
and  sight  pole. 

Directions:  1.  Drive  two  stakes,  A  and  B,  from  200  to  400 
feet  apart,  and  assume  both  points  to  be  inaccessible.  2.  Lay 
off  a  convenient  base  line  CD,  and  find  by  triangulation  the 
distance  AB  as  explained  in  §  277  (e).  3.  Measure  the  dis- 
tance AB  with  a  tape  as  a  check. 

Field  Xotes:  1.  A  complete  sketch  showing  all  distances  and 
angles  measured  or  laid  off.  2.  A  systematic  arrangement  of 
all  computations.  3.  Give  the  discrepancy  between  the  com- 
puted length  of  AB  and  its  length  as  measured  with  the  tape. 

Suggestions:  In  this  problem  it  is  well  to  measure  the  angles  and  the 
triangles  by  the  method  of  repetition.  Doubling  the  angles  will  be  suffi- 
cient unless  the  base  line  is  measured  with  great  accuracy,  when  the  method 
on  p.  195  may  be  employed. 

Exercise  Tp-6. 

To  Measure  the  Height  of  an  Inaccessible  Point. 

Reference:    Page  223,  §  277  (f). 

Equipment:  Transit,  steel  tape,  hatchet,  stakes,  chain  pins, 
and  sight  pole. 

Directions:  1.  Find  the  height  of  some  inaccessible  point  as 
the  top  of  a  flag  pole,  a  point  on  a  high  building,  or  some  other 
definite  point,  by  the  method  explained  m  kill  ^^    T^^  ^^ 
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vation  of  the  inaccessible  point  should  be  determined  with 
reference  to  some  definite  point  or  bench  mark  near  the  ground. 
2.    Repeat  the  problem  as  a  check,  using  a  different  base  line. 

Field  Notes:  A  sketch  showing  all  angles  and  distances  meas- 
ured. A  systematic  arrangement  of  all  computations.  Give 
the  discrepancy  between  the  first  and  second  results. 

Suggestion:  If  desired,  two  or  more  parties  may  work  simultaneously 
determining  the  elevation  of  the  same  inaccessible  point,  and  thus  save 
the  time  required  for  repeating  the  exercise  as  a  check. 

Note:  Notice  that  the  height  required  is  measured  from  a  point  on  the 
^ound  and  not  from  the  supporting  axis  of  the  telescope.  This  involves 
Ending  the  height  of  the  supporting  axis  with  respect  to  the  point  on  the 
ground,  and  this  may  be  found  either  by  the  vertical  angle  method,  or,  if 
preferred,  by  the  use  of  the  leveling  rod. 

£xercise  Tp-7. 
Perpendiculars  and  Parallels. 

(Exercise  for  the  blackboard  and  notebook.)  ' 

Reference:  Page  224,  §  278. 

Directions:  Explain  by  means  of  sketches  the  following 
methods: 

1.  To  establish  a  perpendicular  to  a  given  line  from  any  | 
given  point;  (a)  when  the  given  line  and  the  given  point  are 
both  accessible;  (b)  when  the  given  line  is  accessible,  but  the 
given  point  is  inaccessible;  (c)  when  the  given  point  is  acces- 
sible, but  the  given  hne  is  inaccessible.  2.  To  establish  a  line 
through  a  given  point  parallel  to  a  given  line;  (a)  when  the 
given  line  and  the  given  point  are  both  accessible;  (l^  when 
the  given  line  is  accessible,  but  the  given  point  is  inaccessible; 
(c)  when  the  given  point  is  accessible,  but  the  given  line  is 
inaccessible. 

Exercise  Tp-8. 
To  Stake  Out  a  Building. 

References:  Page  209,  §  266;  also  p.  158,  §  224. 

Equipment:  Transit,  tape,  hatchet,  stakes,  sight  pole. 

Directions:   1.    Drive  two  stakes  A  and  B  from  300  to  400  feet 

apart.     Let    these    represent    merestones   which    determine  a 

street  hne.     2.   Set  stakes  for  the  house  whose  dimensions  are 

given  on  p.  183,  ma^ng  tVve  iroiv\,  oi  XJcw^  Viovjfie  parallel  to  and 
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30  feet  from  the  street  line  AB  and  at  some  fixed  distance  from 
A  measured  along  the  street  line. 

Field  Notes:  Make  a  complete  sketch  similar  to  that  on 
p.  210,  showing  all  measurements  made,  dimensions  of  the 
house  and  the  location  of  reference  points;  indicate  also  all 
points  where  the  transit  is  set  up.  Give  the  discrepancy,  if  any, 
between  the  lengths  of  the  diagonals  of  the  reference  rectangle. 

Suggestions:  1.  As  it  is  usually  impracticable  in  class  work  to  actually 
set  batter-boards,  a  stake  should  be  driven  wherever  a  point  would  be 
fixed  on  a  batter-board.  2.  Before  beginning;  the  problem,  the  student 
should  make  a  rough  sketch  and  plan  the  work  so  that  it  may  be  done  in 
the  shortest  time  without  sacrificing  accuracy. 

Qiiestions:  1.  Give  some  general  suggestions  for  staking  out 
work.  p.  158,  §  224.  2.  What  is  the  usual  method  of  setting 
batter-boards,  and  at  what  elevation?  p.  208,  §§  265,  266.  3. 
Assuming  that  the  top  of  a  foundation  will  be  wholly  below  the 
existing  surface  of  the  ground  so  that  when  the  building  is  first 
staked  out  it  is  impossible  to  set  the  batter-boards  at  the  proper 
elevation,  how  would  you  proceed?  4.  Give  the  general  method 
of  staking  out  a  building,  p.  209.  5.  Sketch  another  method 
which  is  as  good  as,  or  better  than,  the  one  used  for  staking  out 
the  house  on  p.  210.  6.  Where  should  reference  points  be 
placed?  §  266  (b).  7.  Give  at  least  two  or  three  different 
methods  for  staking  out  a  building  whose  front  is  on  line  with 
an  existing  building. 

Questions  on  Staking  Out  a  House  Lot,  a  Highway,  a  Retaining- 
wall,  an  Abutment,_and  a  Tunnel:  1.  Give  the  general  method  of 
staking  out  a  house  lot.  p.  210.  2.  Give  different  methods  of 
marking  the  comers  of  the  boundaries,  p.  211.  3.  Give  the 
general  method  for  staking  out  a  highway,  together  with  some 
practical  suggestions,  p.  212.  4.  Explain  the  general  method 
of  giving  lines  for  a  retaining-wall.  p.  213.  5.  Which  lines  of 
a  retaining-wall  are  usually  staked  out?  6.  How  are  lines 
given  for  an  excavation?  p.  213.  7.  When  retaining-walls  are 
built  in  sections,  how  may  they  be  staked  out?  p.  213.  8.  When 
walls  are  on  a  curve,  how  are  stakes  set?  p.  214.  9.  Illustrate 
by  a  sketch  how  you  would  set  stakes  for  a  wing  abutment. 
10.  How  would  you  proceed  in  the  preceding  question  if  the 
face  of  the  abutment  is  in  the  water  where  the  transit  cannot 
be  set  up?  11.  Explain  the  general  method  of  giving  the  line 
for  a  tunnel.     12.   When  the  preliminary  etrai^t,  Yiw<a  \>^\j^^^^ 
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the  ends  of  a  tunnel  cannot  be  run  because  of  obstacles,  how 
would  you  proceed? 

Note:    If    time   permits,  additional   exercises   suggested   by  the   above 
questions  may  be  given  in  staking  out  work. 


Exercise  Tp-9. 

To  Locate  Piers  for  a  Bridge. 

References:  Page  215,  §  275,  and  Chapter  XVI,  p.  191. 

Equipment:  Transit,  tape,  spring  balance,  thermometer,  ax, 
stakes,  leveling  rod,  sight  poles. 

Directions:  1.  Assume  two  points  A  and  B  from  400  to  600 
feet  apart ;  let  these  points  determine  the  axis  of  the  bridge. 
2.  Lay  off  base  lines  of  suitable  lengths  at  A  and  B.  3.  Find 
the  distance  from  A  to  B,  and  locate  a  pier  half-way  between 
them  according  to  the  method  explained  in  §  275  (b)  and  (c). 
4.  After  the  center  of  the  pier  has  been  established,  not  before, 
measure  the  distances  from  this  point  to  each  end  of  the  axis 
as  a  check  on  the  computed  values. 

Field  Notes:  1.  Make  a  large,  open  sketch  showing  the  base 
lines,  the  axis  of  the  bridge,  the  values  of  all  angles  measured 
and  the  values  of  all  angles  turned  off  in  the  location  of  the 
pier.  2.  Keep  the  field  notes  for  the  triangulation  according 
to  the  form  on  p.  197.  3.  Arrange  computations  for  trian- 
gulation according  to  the  form  on  p.  399,  or,  better  still,  that  on 
p.  400.  The  form  used  in  determining  the  probable  error  of 
the  base  line  is  given  on  p.  59. 

Suggestions:  1.  Select  a  place  for  this  exercbe  where  the  stakes  for 
each  base  line  may  be  set  with  their  tops  on  a  level.  As  considerable 
time  is  necessary  for  setting  these  stakes,  they  may  be  driven  once  for  all 
and  used  by  different  parties.  The  work  may  be  further  shortened  by 
p)ermitting  one  party  to  work  on  one  side  of  the  imaginary  river  and  the 
other  party  to  work  on  the  other  side.  The  work  may  be  changed  for 
different  parties  by  changing  slightly  the  lengths  of  the  base  line  or  the 
distance  between  the  two  stakes  A  and  B.  When  the  time  comes  for 
establishing  the  center  of  the  pier,  it  will  be  convenient  to  do  this  on  a 
board  platform  (a  table  tumetl  upside  down  will  answer  the  purpose). 

2.  If  desired,  the  triangulation  for  determining  the  length  of  the  axis 
AB  may  be  done  on  one  day,  the  necessary  computations  made  in  the 
evening,  and  the  angles  turned  off  for  locating  the  pier  on  another  day. 
Of  course,  if  time  permits,  two  or  more  piers  may  be  located  instead  oi  one. 

Questions:    1.   Give  the   two   steps  involved  in  locating  a 
bridge  pier.  p.  216,  |  275.    2.  OW^  ^xiV^^^^Ji  xaft^hod.  §  275  (a). 
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3.  Is  this  method  often  practicable?  4.  Givq  the  general 
method.  §  275  (b).  5.  Why  is  it  undesirable  to  choose  both 
base  lines  on  the  same  shore  and  on  the  same  side  of  the  bridge, 
or  on  opposite  shores,  one  above,  the  other  below  the  bridge) 
6.  Why  is  it  not  worth  while  to  lay  off  the  base  line  at  right 
angles  to  the  axis?  7.  Give  suggestions  for  referencing  and 
protecting  hubs.  p.  217.  8.  Give  suggestions  for  choosing  the 
location  and  the  length  of  a  base  line.  pp.  217  and  193.  9.  When 
there  are  several  piers,  are  they  always  Ideated  from  the  same 
point  on  a  base  Une?  p.  217.  10.  What  is  done  when  the  con- 
ditions on  the  shore  are  unfavorable  for  base-Une  measurement? 
p.  217.  11.  What  should  be  the  limit  of  error  for  the  sum  of 
the  most  probable  values  of  the  three  angles  in  each  of  the  maixi 
triangles?  p.  218.  12.  Describe  the  method  for  laying  off  tht- 
angles,  p.  218.  13.  When  a  pier  is  built  in  a  movable  caisson, 
how  is  the  latter  kept  in  place?  14.  How  does  the  method  or 
giving  points  for  a  rectangular  pier  differ  from  that  used  fo' 
round  piers?  p.  218. 

Exercise  Tp-10. 

To  Stake  Out  a  Cirele  with  a  Transit  and  a  Tape. 

Reference:     Page  204,  §  263. 

Equipment:  Transit,  steel  tape,  ax,  and  stakes 

Directions:  Stake  out  a  complete  circle  whose  radius  (prefer- 
ably not  less  than  300  feet)  will  be  given  by  the  instructor. 

Field  Notes:  1.  All  computations  neatly  arranged  on  the 
right-hand  page.  2.  Before  beginning  to  stake  out  the  curve, 
work  up  the  field  notes  in  a  form  similar  to  that  for  deflection 
angles  on  p.  174.     See  also  suggestion  (3),  p.  207. 

Suggestions:  In  this  exercise  C  may  be  taken  as  100  feet,  and  R  is  given, 
hence  D  is  easily  calculated.  In  the  field  work,  follow  the  general  method 
outlined  in  step  (4),  p.  206,  and  also  the  directions  for  "picking  up"  a 
tangent,  p.  206. 

If  desired,  additional  exercises  may  be  given,  as,  for  example,  to  connect 
two  tangents  by  a  circular  arc  (see  p.  206,  §  263  (/)).  If,  however,  the 
student  is  to  have  a  course  in  railroad  curves,  it  is  better  to  do  all  such 
work  in  connection  with  that  course. 

Questions:  1.  Define  tangent,  angle  of  intersection,  deflection 
angle,  and  chord.  2.  Prove  that  T  =  R  X  tan  J  /.  3.  Prove 
that  sin   Z)  =  ^  C'  -j-  R.      4.   Prove    that    T  =  (C  X  t^w  \  !> 
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4-  2  sin  D.  5.  Define  sub-chord,  sub-deflection  angle,  length 
of  curve,  and  degree  of  curve.  6.  How  is  the  length  of  curve 
usually  found?  7.  Whac  is  the  degree  of  curve  in  this  exer- 
cise? 8.  What  is  the  length  of  curve  in  this  exercise?  9.  If 
50-foot  chords  were  used  in  this  exercise,  what  would  be  the 
new  values  for  the  deflection  angle  and  the  sub-deflection  angle? 
10.  Describe  the  general  method  of  running  in  a  circular  curve 
between  two  tangents,  p.  206.  11.  Explain  the  method  of 
"  picking  up "  a  tangent,  giving  two  rules  to  be  kept  in  mind, 
p.  206.  12.  Prove  that  if  a  transit  is  at  3,  the  backsight  at  2, 
and  the  vernier  at  2  £),  the  line  of  sight  may  be  made  tangent 
to  the  curve  by  setting  the  vernier  at  3  D.  13.  Why  should 
the  index  reading  for  P,T.  equal  J  /? 


GROUP  L. 

EXERCISES   IN  LEVELING. 

The  first  five  exercise 3  in  this  group  offer  the  student  an  opportunity  to 
learn  the  use  of  the  level  and  the  leveling  rod.  and  to  study  the  sources  of 
personal  and  instrumental  errors.  The  next  three  exercises  afford  practice 
in  differential  leveling  and  in  profile  leveling,  while  the  ninth  exercise  is  a 
class-room  discussion  of  errors  in  leveling.  The  ronaining  three  exercises 
take  up  the  use  of  the  hand  level,  trigonometric  leveling  and  barometric 
leveling. 

Exercise  LI. 
Setting  up  tlie  Level. 

References:  Page  226,  also  544. 

Equipment'  A  level  for  each  student,  or  as  many  levels  as  are 
available. 

Directions:  1.  Set  up  a  level  as  directed  on  p.  226.  2.  Per- 
form each  of  the  three  steps  in  the  experiment  described  on 
p.  227. 

Questions:  1.  What  is  the  shape  of  the  interior  surface  of  the 
glass  tube  of  a  spirit-level?  p.  544.  2.  Upon  what  does  the 
sensitiveness  of  a  bubble  depend?  p.  544.  3.  Can  a  bubble  be 
too  sensitive  for  ordinary  work?  4.  What  is  the  fluid  used  for 
the  level-bubble?  p.  544.  5.  Why  does  the  length  of  the 
bubble  change  from  time  to  time,  and  is  it  more  sensitive  when 
long  or  when  short?  p.  544.  6.  What  is  the  axis  of  a  bvhble  tube? 
p.  544.  7.  What  should  be  the  first  precaution  taken  in  setting 
up  a  level?  p.  251,  §  322,  also  271,  §  349.  8.  If  it  is  impossible  to 
set  up  a  level  so  that  the  bubble  will  remain  in  the  center  for 
all  positions  of  the  telescope,  what  does  this  indicate? 

Additional  Questions:  Many  of  the  questions  asked  in  Exer- 
cise T-1  (Setting  up  the  Transit)  may  also  be  asked  in  connection 
with  setting  up  the  level.  If  the  construction  of  the  telescope 
has  not  already  been  discussed  in  connection  with  transit  work, 
the  instructor  should  explain  briefly  the  different  parts  of  the 
telescope  (see  photograph,  p.  551),  or,  if  thought  best,  to  add  to 
the  questions  given  above  those  on  pages  96  and  ^7  oi  Wic^X^cy^e^ 
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Exercise  L-2. 
Beading  the  Leveling  Bod. 

References:  Pages  227  to  232. 

Equipment:  Several  leveling  rods  for  each  squad,  including 
targets  with  scales  and  targets  with  verniers. 

Directions:  1.  Set  the  target  at  random  without  extending 
the  rod.  Read  and  record  the  setting  of  the  target.  2.  Record 
the  instructor's  reading.  3.  Repeat  for  a  number  of  settings 
for  a  "low  rod."  4.  Apply  to  each  rod  the  two  tests  described 
in  §  286,  p.  232.  5.  Read  and  record  several  settings  for  a 
"high  rod." 

Suggestions:  It  is  well  for  an  instructor  to  set  the  targets  at  random  on 
several  rods,  and  to  require  the  members  of  his  squad  to  read  these  settings 
in  rotation.  He  should  take  pains  to  have  some  of  the  settings  near  the 
"danger  points"  where  are  likely  to  occur  such  common  mistakes  as  are 
noted  at  the  bottom  of  p.  229  and  on  p.  231.  The  exercise  should  be 
continued  until  each  member  of  the  squad  can  read  any  target  setting,  for 
either  a  "low"  or  a  "high  "  rod. 

Questions:  1.  What  two  methods  are  there  of  reading  a  rod 
in  leveling?  §  281,  p.  227.  2.  What  is  the  difference  between  a 
target  with  a  scale  and  a  target  with  a  vernier?  3.  How  can 
you  estimate  a  reading  to  thousandths  on  a  target  with  a 
scale?  4.  What  are  some  of  the  common  mistakes  in  reading  a 
leveling  rod,  and  what  points  should  be  fixed  in  mind  as 
"danger  points"?  p.  229.  5.  Explain  the  difference  between 
the  methods  of  reading  a  target  with  a  scale  and  a  target  with  a 
vernier.  §  285.  6.  Explain  how  to  read  a  "high  rod,"  and  the 
tests  which  should  be  applied  to  every  rod  when  using  it  for 
the  first  time.  §§  284  and  286.  7.  What  are  the  different 
sources  of  error  or  mistakes  in  taking  a  "high  rod"  reading? 
§  284  (a),  (b).  8.  Into  what  two  classes  may  leveUng  rods  be 
divided?  p  571.  9.  Explain  the  difference  between  the  New 
York  and  the  Philadelphia  rods.  10.  What  kind  of  target  is 
preferable  for  long  sights?  p.  572.  11.  What  is  an  angle 
target,  and  for  what  purpose  was  it  designed?  p.  572  and  p.  270. 

12.  Name  two  special  forms  of  leveling  rods.  p.  572,  §  573  (b). 

13.  Describe  a  plumbing  level,  p.    573.     14.    Could  stadia  rods 
p.  574,  he  used  as  self -reading  leveling  rods? 
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Exercise  L  3. 

To  Find  tlie  Probable  Error  of  Sighting  and  of  Setting 

a  Target. 

Reference:   Page  270,  §  348. 

Equipment:  Level,  leveling  rod,  tape,  ax,  stakes. 

Directions:  1.  Set  up  the  level,  and  drive  stakes  approxi- 
mately in  line,  at  distances  of  100,  200,  300,  and  400  feet 
respectively  from  the  level.  2.  Hold  the  rod  on  the  stake  at 
the  100-foot  point,  set  the  target  so  that  its  center  coincides 
with  the  line  of  sight,  and  record  the  reading.  3.  Move  the 
target  up  or  down  a  foot  or  more  out  of  the  line  of  sight  and 
again  set  it  as  accurately  as  possible,  holding  the  rod  on  the  same 
point  on  the  stake.  4.  Repeat  the  work  until  five  independent 
settings  of  the  target  have  been  made  on  each  of  the  four  stakes. 
5.  From  the  five  readings  at  each  stake  find  the  probable  error 
for  that  stake  as  explained  on  pp.  15  to  19. 

Field  Notes:  Record  the  readings  for  the  different  stakes  in 
separate  columns.  Use  the  form  on  p.  19  for  determining  the 
probable  errors.     Arrange  all  computations  systematically. 

Suggeationa:  Set  two  legs  of  a  tripod  in  a  line  parallel  to  the  general 
direction  of  the  line  of  stakes,  and  see  that  all  three  legs  are  reasonably  firm 
before  leveling  up.  When  the  sun  is  shining  set  the  level  up  in  the  shade. 
Take  every  precaution  to  avoid  disturbing  the  level  during  the  exercise, 
and  be  careful  to  have  the  bubble  in  the  center  of  the  tube  during  each 
sight.  The  bubble  may  often  be  brought  into  the  center  by  pressing 
down  sli^tly  with  the  finger  on  the  telescope. 

Questions:  1.  Give  some  of  the  sources  of  error  in  sighting. 
p.  270.  2.  What  is  the  effect  of  refraction?  p.  273.  3.  What 
is  the  best  time  of  day  for  precise  leveling?  Bottom  of  p.  272, 
also  (3)  p.  278. 

Note:  This  exercise  may  be  repeated,  the  readings  being  made  directly 
from  the  level  without  the  use  of  the  target.  The  probable  errors  at  each 
distance  for  the  two  methods  may  then  be  compared,  thus  giving  an  idea 
of  the  relative  accuracy  of  target  readings  and  of  direct  readings.  See 
p.  271. 


64  EXERCISES   IN   LEVELING. 

Exercise  Lr-4. 

Comparison  of  Readings  Tal^en   Witli   and    Witliout 

tiie  Target. 

Referetice:  Experiment,  p.  271. 

Equipment:  Level,  leveling  rod,  tape,  ax,  and  stakes. 

Directions:  1.  Set  up  the  level,  and  drive  stakes  at  dis- 
tances of  50,  100,  150,  200,  250,  300,  350,  and  400  feet  from  the 
level.  2.  Take  a  rod  reading  on  the  top  of  each  stake,  first 
without,  then  with,  the  target.  3.  Record  all  readings  and 
«tate  conclusions  as  to  how  closely  one  can  read  at  different 
distances  without  using  the  target,  and  how  such  readings  are 
affected  by  distance. 

Note:  Concluflions  should  not  be  drawn  from  too  few  data,  but  by  tabu- 
lating the  results  obtained  by  aU  the  members  of  a  class  a  comparison  ol 
the  two  methods  of  reading  the  rod  may  be  made. 

Exercise  L-5. 
To  Test  tiie  Sensitiveness  of  a  Level  Bubble. 

Reference:  Page  545,  §  567  (a). 

Equipment:  Level,  leveling  rod,  tape,  ax  and  stakes. 

Directions:  1.  Set  up  the  level,  and  drive  a  stake  200  feet 
away.  Test  the  sensitiveness  of  the  bubble  with  the  leveling 
rod  held  on  this  stake  as  explained  on  p.  545.  2.  Repeat  the 
test,  holding  the  rod  at  distances  of  300  and  400  feet  from  the 
level. 

Field  Notes:  A  complete  record  of  the  results  obtained  from 
the  different  tests  with  the  mean  value  of  one  division  in 
seconds  of  arc. 

Stigg&ttions:  See  page  545. 

Questions:    1.  How  could  a  bubble  tube  other  than  a  telescope 

level  be  tested?  p.  545.     2.   What  is  a  level-trier?  3.    Show  by 

nd 
means  of  a  sketch  that  R  =  -j-  D,  p.  545.     4.    Find  the  radius 

of   curvature   of  the  bubble  tube  on   the  level  used  in  this 
exercise. 
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Exercise  L-6. 
Differential  Leveling. 

(A  Study  of  the  Theory.) 

References:  Pages  234  to  242. 

Equipment:  Level,  leveling  rod. 

Directions:  1.  Select  two  points  several  hundred  feet  apart, 
one  of  them  40  or  50  feet  higher  than  the  other.  2.  Run  a 
line  of  levels  from  the  first  point  to  the  second  and  back  again 
to  the  first  point. 

Field  Notes:  Use  Form  B  on  p.  240. 

Suggestions:  For  this  first  exercise  in  differential  leveling,  it  is  well  to 
choose  a  place  where  a  complete  circuit  can  be  made  in  five  or  six  set- 
ups. The  work  may  then  be  repeated,  the  levelman  and  the  rodman 
interchanging  positions.  Too  much  emphasis  should  not  be  placed  on 
the  niceties  of  field  work,  as  the  object  of  this  exercise  is  to  acquaint  the 
student  with  the  theory  of  leveling.  In  the  next  exercise  the  methods  of 
field  work  may  be  studied,  and  greater  precautions,  taken  to  obtain  accurate 
results. 

Before  going  into  the  field,  it  is  well  for  the  instructor  to  put  a  sketch  on 
the  blackboard  similar  to  that  on  page  238,  with  backsight  and  foresight 
readings  indicated  in  simple  numbers,  and  then  to  require  each  student  to 
work  out  the  notes  for  this  sketch  in  a  form  similar  to  that  on  page  240. 
It  is  also  well  to  discuss  the  questions  given  below  just  before  beginning  the 
field  work  oi  this  exercise. 

Questions:  1.  What  two  kinds  of  work  are  done  in  leveling? 
p.  234,  §  288.  2.  Define  datum  line  and  datum  plane.  3.  Is 
a  level  surface  a  plane  surface?  4.  What  is  taken  as  a  con- 
venient datum  the  world  over?  5.  Is  the  sea  level  the  only 
datum  used?  6.  Define  bench  or  bench-mark.  7.  Define 
station,  and  point  out  the  difference  between  a  station  in  transit 
surveying  and  a  station  in  leveling.    8.    Define  plane  of  sight. 

9.  What    are    the    two    essential    steps    in    leveling?    p.  235. 

10.  Is  there  any  difference  in  practice  between  measuring  ujr  to 
the  plane  of  the  sight  and  measuring  down?  1 1 .  Define  height 
of  instrument.  12.  Define  backsight.  13.  How  is  a  backsight 
used  in  determining  height  of  instrument?  14.  Define  foresight. 
15.  Why  are  "backsight''  and  "  foresight  "  unfortunate  terms? 
p.  237.  16.  What  two  terms  are  sometimes  used  in  place  of 
backsight  and  foresight?  17.  What  is  the  object  of  backsight- 
ing  and  of  foresighting?  p.   237.     18.   What  abV>x^N\^\AQw^  "ax<^ 
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used  in  leveling?  19.  What  two  formulas  express  the  theory  of 
leveling,  and  to  what  two  steps  in  leveling  do  they  correspond? 
p.  237.  20.  Explain  how  the  elevations  of  points  above  the 
plane  of  sight  may  be  found.  21.  Explain  by  means  of  ^ 
sketch  the  general  theory  of  leveling  when  more  than  one  set- 
up is  necessary.  §  299  (c).  22.  Are  stations  in  leveling 
necessarily  in  a  straight  line,  or  may  they  be  taken  anywhere? 
23.  How  may  the  two  steps  in  leveling  be  remembered? 
Remark,  p.  238.  24.  What  is  an  intermediate  station  and  its 
distinguishing  characteristic?  p.  238.  25.  What  is  a  turning- 
point,  its  distinguishing  characteristic,  and  how  did  it  get  its 
name?  26.  May  a  station  or  a  bench-mark  be  used  as  a  turning- 
point?  p.  239.  27.  What  are  the  first  and  last  points  sifted 
at  in  leveling  usually  considered?  p.  239.  28.  Explain  why  an 
error  made  at  a  turning-point  is  much  more  serious  than  an 
error  made  at  an  intermediate  station.  29.  What  are  the 
advantages  and  disadvantages  of  Form  A  for  leveling  notes? 
p.  239.     30.   Comment  on  Form  B  for  leveling  notes,   p.  240. 


Exercise  L-7. 
Differential  Leveling. 

(A  Study  of  Field  Methods.) 

References:  Pages  248-258;  260-263. 
Equipment:  Level,  leveling  rod,  ax. 

Directions:  From  some  assumed  point  as  a  bench-mark  run 
a  line  of  levels  to  a  second  point  and  return,  making  a  circuit 
of  about  10  set-ups.  Keep  field  notes  according  to  Form  B, 
p.  240. 

Suggestions:  The  theory  of  leveling  having  been  studied  in  the  pre- 
ceding exercise,  special  attention  should  be  paid  in  this  exercise  to  the 
methods  of  field  work,  especially  to  those  precautions  which  are  necessary 
for  accurate  work.  If  desired,  several  parties  ol  two  men  each  may  run 
levels  over  the  same  circuit,  checking  every  three  or  four  set-ups  at  a  oom- 
mon  bench-mark  established  by  the  instructor.  It  is  well  to  estetblish  a 
number  of  permanent  bench-marks  differing  as  much  as  practicable  in  ele- 
vation, as  these  benches  will  be  of  use  later  in  the  course  in  connection 
with  barometric  leveling,  trigonometric  leveling,  and  other  exercises.  If 
desired,  this  exercise  may  be  repeated,  all  sights  being  taken  on  a  self* 
/eading  rod,  no  use  being  made  ol  l\i«  \&t|B&t. 
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Questions:  1.  Give  the  signals  used  in  leveling,  p.  248. 
2.  How  may  the  elevation  of  the  starting-point  be  obtained? 
p.  249.  3.  How  may  any  elevation  be  assumed  and  the  notes 
afterward  corrected?  Illustration,  p.  250.  4.  Why  should  the 
rodman  hold  his  rod  a  second  time  after  clamping  the  target? 
5.  What  should  be  the  Tengths  of  foresights  and  backsights  Ln 
ordinary  work  for  the  best  results?  6.  What  is  the  first  pre- 
caution in  setting  up  a  level?  p.  251.  7.  In  going  up,  or  down, 
hill,  how  can  one  avoid  taking  unequal  sights?  8.  What  is  a 
common  mistake  of  the  beginner  in  setting  up  a  level  on  steep 
slopes,  and  how  can  this  mistake  be  avoided?  p.  251.  9.  What 
chiefly  determines  the  location  of  turning-points?  p.  252. 
10.  In  choosing  an  object  for  a  turning-point,  what  should  be 
kept  in  mind?  Remark,  p.  252.  11.  Describe  a  form  of  turning- 
point  sometimes  used.  §  323  (b).  12.  Describe  two  methods 
of  holding  a  leveling  rod.  p.  252.  13.  Give  a  method  of 
making  sure  that  the  rod  is  plumb,  pp.  252,  270,  §  346  (c). 
14.  Give  examples  of  bench-marks  both  permanent  and  tem- 
porary, p.  253.  15.  Where  should  bench-marks  be  established? 
p.  253.  16.  What  is  the  only  method  of  checking  field  work 
in  leveling?  §  329.  17.  If  sixteen  set-ups  are  necessary  to 
complete  a  circuit  of  levels,  what  should  be  the  approximate 
limit  of  error?  i.e.,  the  difference  between  the  elevation  of  the 
starting-point  and  the  elevation  of  the  same  point  as  deter- 
mined at  the  completion  of  the  circuit,  p.  254.  18.  Give 
some  suggestions  for  working  rapidly  in  leveling,  p.  255. 
19.  What  should  be  the  average  speed  for  class  work?  Remark, 
p.  255.  20.  Give  suggestions  for  the  levelman  concerning  the 
following  points:  p.  260.  Choosing  place  for  level;  leveling  on 
steep  slopes;  watching  the  bubble;  unnecessary  clamping; 
horizontal  cross-hair;  sunshade;  disturbing  instrument;  definite 
signals;  adjustment  of  level;  effects  of  heat  and  wind;  care  of 
the  level.  21.  Give  suggestions  for  the  rodman  concerning  the 
following  points:  See  p.  261.  Choosing  turning-points;  length 
of  sights;  holding  the  rod;  moving  the  target;  clamping  the 
target;  testing  the  rod;  common  mistakes  in  reading;  care  of 
the  rod.     22.   Give  duties  of  levelman;  of  rodman.  p.   263. 
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Exercise  L  8. 

Profile  Leveling. 

References:  Page  242,  §  306;  p.  251. 

Equipment:  Level,  leveling  rod,  stakes,  tape. 

Directions:  Drive  a  row  of  stakes  50  feet  apart  for  a  distance 
of  about  1000  feet.  Run  a  line  of  profile  levels,  taking  the 
elevation  of  the  ground  at  each  stake.  At  all  intermediate 
stations  read  the  rod  from  the  instrument  without  the  use  of 
the  target,  but  at  turning-points  use  the  target.  When  the 
elevation  at  the  last  stake  has  been  determined,  run  back  over 
the  line  to  the  starting-point,  taking  turning-points  only,  and 
thus  checking  the  work  of  the  whole  exercise. 

Field  Notes:  Keep  field  notes  according  to  Form  E,  p.  256, 
and  check  the  arithmetical  work  by  the  method  explained  on 
p.  242. 

Suggestions:  If  desired,  several  parties  of  two  men  each  may  work  along 
the  same  line  of  stakes,  checking  at  frequent  intervals  on  the  same  bench- 
marks established  by  the  instructor.  In  this  case  it  will  be  unnecessary  to 
run  back  over  the  line  as  a  check. 

Questions:  1.  What  is  an  intermediate  station?  p.  238. 
2.  Is  it  necessary  to  take  the  elevations  at  intermediate 
stations  as  accurately  as  at  turning-points?  3.  Does  the  rule 
for  checking  notes  on  p.  242  afford  any  check  for  intermediate 
stations?  4.  Explain  a  form  of  notes  that  does  give  a  check  on 
intermediate  stations.  §  303  (e).  5.  What  are  the  advantages 
of  Form  C,  p.  241,  for  profile  notes?  6.  In  ordinary  work  how 
closely  should  the  rod  be  read  at  intermediate  stations,  and 
should  this  reading  be  taken  with  or  without  the  target?  p.  253. 

Exercise  L-9. 
Discussion  of  Errors  in  Leveling. 

(Exercise  for  the  Class-room.) 

Questions:    1.    Give  some  of  the  sources  of  error  in  leveling. 

p.  268.     2.    How    may    the    errors    of    adjustment    be    lai^ly 

eliminated?      3.   What  precautions  should   be  taken  when  the 

bubble  is  sluggish?  p.  268.     4.  WVvaX.  \a  \Xv^  ^xxc^x  \w  the  move- 
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ment  of  the  object-glass  slide,  and  how  may  it  be  eliminated? 
p.  268,  also  p.  602,  §  586.  5.  What  is  the  error  due  to  a  defec- 
tive joint  in  the  leveling  rod?  p.  269;  also  Remark,  p.  232. 
6.  Give  some  of  the  sources  of  error  in  manipulating  the  level, 
p.  269.  7.  How  may  the  error  due  to  the  rod  being  held  out  of 
plumb  be  avoided?  8.  Why  is  this  error  compensating  on 
turning-points  when  leveling  up  and  down  hill  over  rolling 
country?  9.  Why  is  this  error  not  compensating  in  leveling 
up  hill  only  or  down  hill  only?  10.  Why  is  it  not  best  to  wave 
the  rod  when  the  reading  is  two  feet  or  less  from  the  bottom  of 
the  rod?  11.  What  errors  are  due  to  the  accumulation  of 
dirt  or  grit  on  the  base  of  the  rod  or  in  the  joints?  12.  Give 
some  of  the  sources  of  error  in  sighting.  13.  Explain  why  the 
settling  of  the  instrument  between  the  backsight  on  one  turning- 
point  and  the  foresight  on  the  next  is  a  source  of  cumulative 
error.  How  may  this  error  be  avoided?  p.  271.  14.  What 
precautions  should  be  taken  to  avoid  errors  due  to  disturbance 
of  the  instrument?  p.  272.  15.  Explain  why  the  settling  of 
the  turning-point  is  a  source  of  cumulative  error.  16.  Explain 
why  the  sun  shining  on  the  instrument  is  a  source  of  cumula- 
tive error,  p.  273.  17.  What  is  the  error  due  to  curvature? 
p.  272.     18.    What    is    the    error    due    to    refraction?  p.  273. 

19.  What  is  the  effect  of  combining  these  two  errors?  p.  273. 

20.  Give  common  mistakes  in  recording.  21.  How  may 
errors  in  computing  be  discovered?  p.  274.  22.  How  may 
personal  errors  be  partially  eliminated?  23.  Recapitulate  the 
most  important  precautions  taken  to  eliminate  errors:  (a)  mis- 
takes;     (b)  constant     errors;       (c)  accidental     errors,  p.  275. 

24.  How    may    the   precision   of    leveling   be   judged?  p.  275. 

25.  How  may  the  total  error  of  a  line  of  levels  be  expected  to 
vary?  p.  276.  26.  In  a  common  formula  for  allowable  error 
what  is  the  usual  value  of  C?  p.  276.  27.  If  a  circuit  of  levels 
four  miles  long  be  completed,  what  should  be  the  permissible 
error  if  the  coefficient  C  is   .04?    28.    Give  some  of  the  most 

•important  directions  contained  in  instructions  for  accurate 
leveling  (p.  277)  as  regards:  number  of  rodmen;  method  of 
rodmen  keeping  independent  readings;  weather  conditions; 
foresights  and  backsights;  duties  of  the  bubble  tender;  adjust- 
ment of  level;  steel  turning-points;  plumbing  levels;  perma- 
nent bench-marks;  permissible  error.  29.  Give  the  method  of 
procedure   when    two    rodmen    are    employed.  ^.Yl^.    '^^^  ''^^ 
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crossing  a  wide  river  explain  how  the  method  of  recipiocal 
leveling  may  be  used.  p.  243.  (See  also  exercise  in  reciprocal 
leveling,  page  63  of  this  book.) 

Exercise  L-10. 
Use  of  the  Hand  Level. 

Reference:  Page  233. 

Equipment:    Hand  level  and  hand  leveling  rod,  or  two  hand 

levels  and  two  rods. 

Directions:  Find  the  difference  in  elevation  between  two 
points  several  hundred  feet  apart,  by  means  of  a  hand  level, 
using  the  second  method  of  §  287,  p.  233. 

Field  Notes:  A  sketch  showing  the  different  steps  and  the 
final  difference  in  elevation. 

Suggestions:  If  possible,  the  leveling  should  be  done  between  two  bench- 
marks whose  elevations  have  been  determined  previously  by  differential 
leveling,  and  the  difference  in  elevation  should  be  compared  with  that 
obtained  by  the  more  accurate  method.  The  party  should  consist  of  two 
men;  and,  if  desired,  each  may  be  equipped  with  a  hand  level  and  a  5  foot 
rod,  so  that  first  one  and  then  the  other  uses  the  hand  level,  alternating, 
as  explained  in  "Routine  of  the  Field  Work.'*  bottom  <rf  p.  351.  If  only 
one  hand-level  is  used,  the  work  may  be  repeated,  the  levelman  and  rod- 
man  interchanging  positions,  and  running  back  over  the  line  to  the  start- 
ing-point. 

Questions:  1.  How  can  rough  work  be  done  without  the  use 
of  a  rod?  p.  233.  2.  What  is  the  difference  in  method  between 
leveling  up  hill  and  leveling  down  hill?  p.  233.  3.  For  what  is 
the  hand  level  chiefly  used?  p.  233. 

Exercise  L-11. 

Trigonometric  Leveling. 

References:   Pages  244,  264. 

Equipment:  Transit,  leveling  rod,  and  steel  tape. 

Directions:   1.  Find  the  difference  in  elevation  between  two 

points  A  and  B,  by  setting  up  the  transit  near  A  and  using  the 

first    method    of    "Trigonometric  Leveling"    on  pp.   244,  264. 

2.   Repeat  the  exercise,  setting  up  the  transit  near  B  instead  of 

A,  the  two  men  in  the  party  Vii\,eidias:i®.Ti!g»^eQfii.Uons. 
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Field  Notes:  A  sketch  showing  the  method,  with  all  distances 
and  angles;  also  all  computations  systematically  arranged. 

Suggestions:  1.  In  this  exercise  the  horizontal  distances  from  the  tran- 
sit to  each  of  the  two  points  A  and  B  is  measured  with  a  tape,  although  in 
most  field  work  where  this  method  is  used,  distances  &re  found  either  by 
triangulation  or  with  the  stadia.  If  possible,  the  two  points  A  and  B 
should  be  bench-marks  whose  elevations  have  been  determined  previously 
by  spirit  leveling,  and  the  difference  in  elevation  obtained  in  this  exercise 
should  be  compeared  with  that  obtained  by  spirit  leveling.  2.  The  shortest 
method  is  to  set  the  transit  up  with  the  end  of  the  supporting  axis  approxi- 
mately over  either  A  or  B.  If  this  is  impracticable,  it  will  be  necessary 
to  determine  the  height  of  the  supporting  axis  by  a  backsight  on  the  nearer 
station.     See  Remark  (b),  p.  244. 

Questions:  1.  Explain  the  first  method  of  trigonometric 
leveling,  p.  244.  2.  In  this  method,  if  elevations  of  points  ara 
required  with  reference  to  some  datum,  what  is  the  first  step 
after  setting  up  the  transit?  p.  244.  3.  If  the  horizontal  dis- 
tances from  the  transit  to  the  point  whose  elevation  is  required 
cannot  be  measured  directly,  how  would  you  proceed?  p.  244. 
(See  also  Exercise  for  Determining  the  Height  of  an  Inac- 
cessible Point,  p.  223.)  4.  In  finding  the  elevation  of  any 
point  on  the  ground  with  reference  to  a  point  under  the  transit, 
how  would  you  use  a  sight-pole  in  place  of  a  leveling  rod? 
p.  264,  Practical  Hint  (a).  5.  How  may  time  be  saved  in 
computing  elevations  from  vertical  angles?  p.  264.  6.  Show 
what  error  may  be  expected  for  sights  of  200  feet  if  the  hori- 
zontal distance  is  correct  but  the  error  in  the  vertical  angle  is 
one  minute,  ignoring  instrumental  errors,  p.  264.  7.  For  the 
same  length  of  sight,  what  would  be  the  error  if  the  vertical 
angle  of,  say,  8  degrees  40  minutes  is  correct,  but  the  horizontal 
distance  is  in  error  as  much  as  one  foot?  p.  264.  8.  Explain 
the  second  method  of  trigonometric  leveling,  p.  264.  9.  Is  the 
first  or  the  second  method  most  used  in  topographic  surveying, 
and  how  are  the  distances  determined?  p.  264.  10.  How  may 
triangulation  and  trigonometric  leveling  be  combined,  and  how 
do  the  results  compare  with  spirit  leveling?  p.  200. 
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Exercise  L-13. 

Barometric  Leveling. 

References:  Page  245,  §  313;  p.  265,  §  343. 

Equipment:  Aneroid  barometer,  thermometer. 

Directions:  1.  Hold  the  barometer  on  a  bench-mark  whose 
elevation  has  been  determined  previously  by  spirit  leveling, 
and  set  the  altitude  scale  of  the  barometer  to  correspond  to 
the  elevation  of  that  bench-mark.  2.  Without  disturbing  the 
altitude  scale  take  readings  of  the  barometer  at  two  or  more 
bench-marks  whose  elevations  are  known,  and  compare  the 
elevations  as  found  by  the  barometer  with  the  elevations  as 
found  by  spirit  leveling.  3.  Repeat  the  problem  but  ignore  the 
altitude  scale,  and  proceed  as  directed  on  p.  265,  §  343  (a). 
4.  Compare  results  with  those  obtained  by  spirit  leveling  and 
with  those  found  by  the  use  of  the  altitude  scale. 

Field  Notes:  Keep  a  full  record  in  tabular  form  of  the  read- 
ings of  the  altitude  scale,  of  the  barometer  readings  in  inches, 
and  of  the  temperature  at  each  bench-mark.  Also  a  systematic 
arrangement  of  the  computations  for  reducing  readings  to 
altitudes. 

Suggestions:  In  this  exercise  it  is  desirable  that  there  should  be  a  con- 
siderable di£Ference  in  elevation  between  the  successive  bench-marks 
selected,  and  that  these  elevations  should  have  been  determined  pre- 
viously by  spirit  leveling.  The  results  as  obtained  by  di£Ferent  students 
going  over  the  same  line  of  bench-marks  may  be  tabulated*  by  the 
instructor  and  shown  to  the  class,  thus  giving  an  idea  of  the  accuracy  to 
be  obtained  in  barometric  leveling.  It  is  well  also  \o  use  several  di£Ferent 
aneroid  barometers,  and,  if  desired,  readings  may  also  be  taken  with  mer- 
curial barometer. 

Questions:  1.  Describe  the  aneroid  barometer,  p.  264.  2. 
What  is  the  average  reading  of  a  barometer  at  sea  level, 
and  the  average  rate  of  fall  in  ascending  above  the  sea  level? 
p.  245.     3.   What  are  the  atmospheric  sources  of  error?  p.  245. 

4.  How  does  temperature  affect  barometer   readings?  p.  246. 

5.  Compare  two  classes  of  barometric  formulas,  p.  246.  6.  In 
ordinary  work  what  sources  of  error  are  usually  ignored? 
Bottom  p.  246.  7.  What  are  some  of  the  instrumental 
sources  of  error?  p.  265.  8.  Give  the  method  of  procedure 
where  single  observations  are  taken,  p.  265.     9.    Explain  the 

method  of  simultaneous  observations,  p.  266.     10.  What  are 
tbe  ordin&ry  limits  of  error?  p.  2^*7 . 


GROUP  Lp. 

SPECIAL  PROBLEMS  IN  LEVELING. 

The  exercises  in  this  K^oup  deal  with  various  problems  in  leveling  such  as 
setting  grade  stakes,  estimating  cut  and  fill  for  grading,  and  staking  out  a 
vertical  curve. 

Exercise   Lp-1. 

Reciprocal  Leveling. 

Reference:   Page  243. 

Equipment:   Level,  leveling  rod,  ax,  and  stakes. 

Directions:  1.  Drive  two  stakes  A  and  B  from  300  to  400 
feet  apart.  2.  Imagine  these  stakes  to  be  on  opposite  banks  of 
a  river  so  that  the  level  cannot  be  set  up  between  them,  and 
find  the  difference  in  elevation  between  the  tops  of  the  stakes 
by  the  method  of  Reciprocal  Leveling,  p.  243.  3.  Repeat  the 
work,  levelman  and  rodman  interchanging  positions.  4.  Set  up 
the  level  approximately  one-half  way  between  the  two  stakes, 
and  check  the  mean  result  obtained  by  reciprocal  leveling. 

Field  Notes:  Make  a  sketch  showing  the  approximate  dis- 
tance between  stakes  as  obtained  by  pacing,  the  positions  of 
the  level  and  all  elevations.  See  Figure,  p.  598.  In  addition 
keep  the  level  notes  on  the  left-hand  page  in  the  usual  form, 
p.  240. 

Questions:  1.  Why  does  reciprocal  leveling  tend  to  eliminate 
the  error  due  to  adjustment,  the  error  due  to  curvature,  and 
refraction?  pp.  598,  599,  273. 

Exercise  Lp-2. 
To  Set  Stakes  on  a  Grade  Between  Two  Fixed  Points. 

•  (Special  Method.) 

References:  Page  243,  §  310;  p.  258,  §  334;  p.  280,  §  357; 
p.  282,  §§  358,  359. 

Equipment:   Level,  leveling  rod,  ax,  and  stakes. 

Directions:    Choose  a  place  where  the  slope  of  t\vft''iEKsvs2DA.S& 
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uniform  for  several  hundred  feet  so  that  the  tops  of  all  stakes 
can  be  driven  to  grade,  and  drive  two  stakes  A  and  B  several 
hundred  feet  apart.  2.  Ascertain  the  difference  in  elevation 
between  A  and  B,  3.  Set  a  line  of  stakes  with  their  tops  on 
grade  between  A  and  B,  and  with  25-foot  intervals  between 
stakes.  Use  the  grade  rod  method  (see  illustration,  top  of 
p.  281)  and  also  §  358  (a).  4.  Check  the  work  by  setting  up 
the  level  near  stake  A  and  shooting  in  the  grade  as  explained  in 
§  357  (d),  p.  281. 

Field  Notes:  Number  the  stations  0,  0  +  25,  0  +  50,  etc., 
and  keep  the  notes  in  a  form  similar  to  one  of  those  (^n  pp.  284, 
256. 

Suggestiana:   See  Practical  suggestions  on  pp.  259,  282,  and  281. 

Questions:  1.  Define  grade,  and  grade  rod,  and  illustrate  how 
the  grade  rod  is  calculated,  p.  243,  and  also  p.  428.  2.  Give  five 
different  methods  of  setting  grade  stakes,  p.  258.  3.  Give  the 
general  method  of  procedure  in  setting  grade  stakes,  p.  259. 
4.  What  is  the  difference  between  a  true  grade  rod  and  a  field 
grade  rod?  p.  259.  5.  How  close  should  stakes  be  driven  in 
ordinary  grading?  p.  259.  6.  Give  some  practical  suggestions 
for  setting  stakes,  p.  259.  7.  What  are  two  common  mistakes 
which  occur  in  setting  grade  stakes,  and  how  may  errors  be 
detected?  p.  259.  8.  What  additional  columns  should  appear 
in  the  field  notes?  p.  260.  9.  What  is  meant  by  "shooting 
rn "  a  grade,  and  what  is  the  best  instrument  to  use  for  this 
method?  p.  2C0,  also  p.  281.  10.  In  the  method  of  shooting 
in  grades,  why  is  step  4,  p.  281,  necessary,  and  how  can  this 
step  be  avoided?  Note,  p.  281.  11.  Whatsis  the  object  in 
establishing  a  permanent  foresight  in  step  5,  p.  281?  12.  How 
may  a  convenient  permanent  foresight  be  established?  Sug- 
gestion 2,  bottom  of  p.  281.  13.  Is  the  error  involved  in  set- 
ting the  target  opposite  to  the  center  of  the  object  glass  likely 
to  be  large?  p.  281.  14.  Suppose  the  surface  of  the  ground  to 
have  a  uniform  slope  which,  however,  is  too  far  above  or  below 
the  required  grade  to  permit  driving  stakes  to  grade,  how  would 
you  proceed  to  shoot  in  the  grade?  Suggestion  4,  top  of  p.  282. 
15.  Give  some  practical  suggestions  for  setting  grade  stakes  for 
a  curb.  p.  282.  16.  Give  the  general  method  of  laying  out 
grades  for  pavements  as  regards,  marking  gutter  lines;  center 
Jwe;  use  of  templet. 
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Exercise  Lp-3. 

To  Set  Grade  Stakes  Between  Two  Fixed  Points 
When  the  Ground  is  Uneven. 

(General  Method.) 

Reference  and  Equipment  same  as  for  preceding  exercise. 

Directions:  Repeat  the  preceding  exercise,  but  select  a  place 
where  the  ground  is  so  uneven  that  the  tops  of  the  stakes 
cannot  be  set  to  grade.  Use  method  2,  p.  258,  i.e.  top  of  each 
stake  to  be  a  whole  number  of  feet  above  or  below  grade. 
Mark  stakes  as  directed  on  p.  260. 

Question:  1.  What  is  the  chief  difference  between  the 
methods  used  in  this  exercise  and  that  of  the  preceding  exer- 
cise? 

Questions  on  Giving  Grades  for  a  Sewer:  2.  Explain  the 
general  method  of  giving  grades  for  a  sewer,  p.  283.  3.  How 
closely  should  grades  be  given  for  a  sewer?  4.  How  would  you 
proceed  when  it  is  impracticable  to  give  elevations  at  equal 
distances  along  sewer  line?  p.  283.  5.  What  rough  check 
should  always  be  employed?  p.  283.  6.  Why  should  bench- 
marks be  established?  p.  283.  7.  Describe  a  form  of  grade- 
pole  for  sewer  work.  p.  283.  8.  Why  work  in  one  direction 
from  down  hill  up  hill  or  vice  versa?  p.  283.  9.  Give  two 
methods  of  measuring  between  grade-slats,  and  why  are 
measurements    made    parallel   to    the    flow    line?      p.     283. 

10.  Explain  in  detail  the  notes  on  pp.284  and  285.  See  expla- 
nation 286. 

Questions    on    Giving    Elevations   for    a    Line    of   Shafting: 

11.  Give  the  general  method  of  giving  elevations  for  a  line  of 
shafting,  p.  287.  12.  Why  is  it  convenient  to  hold  the  leveling 
rod  upside-down,  and  illustrate  what  is  meant  by  a  minus  grade 
rod?  p.  287. 
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Exercise  Lp'4. 

Use  of  the  Gradienter. 

Reference:   Page  245. 

Equipment:  Transit  equipped  with  a  gradienter,  leveling  rod, 
ax,  and  stakes.    (Transit  should  be  in  adjustment  for  leveling.) 

Directions:  1.  Select  a  comparatively  level  piece  of  ground, 
and  by  means  of  the  gradienter  set  a  row  of  stakes  at  intervals 
of  25  feet  with  their  tops  driven  to  a  given  grade.  2.  Check 
each  stake  by  the  grade-rod  method  explained  on  p.  259. 

Field  Notes:  On  the  right-hand  page  a  description  of  the 
work  with  a  comparison  of  the  levels  obtained  by  the  two 
methods  and  the  average  discrepancy.  On  the  left-hand  p{^ 
the  usual  form  of  field  notes,  p.  284. 

Suggestion:  This  exercise  may  be  given  in  connection  with  Exercise  Lp-2 
if  desired. 

Questions:  1.  Explain  the  principle  of  the  gradienter.  p.  245. 
2.  How  may  the  gradienter  be  used  for  measuring  distances? 
p.  245. 

Exercise  Lp-5. 
To  Estimate  Cut  and  Fill  for  Grading. 

References:   Page  287,  §§  362,  363:  also  pp.  429-433. 
Equipment:   Level,  leveling  rod,  tape,  ax,  and  stakes. 

Directions:  1.  Select  a  plot  of  ground  at  least  150  feet  square, 
with  a  rather  uneven  surface*.  If  no  plot  with  definite  bounda- 
ries is  convenient,  mark  out  one  with  stakes.  2.  Perform  the 
field  work  necessary  to  obtain  data  for  estimating  cut  and  fill 
for  grading  according  to  the  method  of  §  362,  p.  287.  3.  Assum- 
ing that  the  ground  is  to  be  graded  to  a  level  one  foot  below 
the  lowest  elevation  obtained  at  any  stake  set  in  the  preceding 
step,  calculate  the  total  cut  in  cubic  yards. 

Field  Notes:  On  the  right-hand  page  draw  a  sketch  showing 
all  stakes  with  numbers  and  distances,  and  on  the  left-hand 
page  keep  the  level  notes  in  the  usual  form.  p.  240.  Use  a 
system  of  numbering  points  like  that  of  Figure  402  (c),  p.  341. 

Suggestions:   Follow  the  practical  a\i?;ges\.\otva  vi^ven.  on  p.  287.     If  desired 
in  the  third  step  above,  the  fii:ush<Mi  aurlace  xcia.'v  ^^  «j9a.>\TGk»\  «.\.  «Mfih  ao 
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svation  as  to  require  both  cut  and  fill.  The  problem  may  be  further 
implicated  by  assuming  this  surface  to  be  on  a  slope  instead  of  on  a  level. 
}  a  rule,  however,  the  more  complicated  work  of  calculation  should  be 
;t  for  the  course  in  office  work,  and  thus  time  will  be  saved  in  the  field. 

Questions:  Give  the  general  method  of  field  work  in  getting 
ita  for  estimating  cut  and  fill  for  grading,  p.  287.  2.  Give 
ractical  suggestions  concerning,  establishing  permanent  bench- 
arks,  p.  287;  choosing  the  size  of  squares,  pp.  287  and  432 ; 
:tra  rod  readings;  system  of  marking  comers;  and  of  laying 
it  squares.  3.  Give  the  general  method  of  setting  stakes  for 
•ading  land. '  p.  287,  §  363.  4.  What  is  the  customary  method 
jed  when  the  surface  of  the  ground  is  very  uneven,  making  it 
jcessary  to  set  temporary  stakes?  Remark^  p.  288.  5.  Give 
le  general  method  of  setting  stakes,  (a)  for  a  level  grade; 
>)  for  a  grade  that  slopes  in  one  direction  only;  (c)  for  a  grade 
lat  slopes  in  two  directions. 

Note:    If  desired  problems  may  be  given  in  setting  grade  stakes  by  each 
the  three  methods  referred  to  in  the  last  question  above. 


Exercise  Lp-6. 

To  Stake  out  a  Vertical  Curve. 

References:   Pages  289-292. 

Equipment:   Level,  leveling  rod,  ax,  and  stakes. 

Directions:  Set  stakes  for  a  vertical  parabola  which  shall 
•nnect  two  gradients  assigned  by  the  instructor.  Use  the 
ethod  of  procedure  for  chord  gradients  explained  on  p.  291, 
364  (d). 

Field  Notes:  1.  On  the  right-hand  page  make  a  sketch 
milar  to  that  on  p.  290,  giving  the  necessary  data;  give  also 
1  computations  systematically  arranged.  2.  On  the  left-hand 
ige  record  all  notes  for  leveling  in  the  usual  form  (see  p.  284), 
ving  the  grade  rods  and  elevations  at  all  points. 

Suggeationa:  If  it  is  desired  to  drive  stakes  so  chat  their  tops  are  on 
ade,  this  problem  must  be  arranged  by  the  instructor  to  suit  the  nature 
the  ground;  e.g.,  a  vertical  curve  of  large  radius  may  be  staked  out  on 
mparatively  level  ground,  using  tall  stakes  for  the  highest  points  on  the 
rve.  The  student  can  then  judge  for  himself  by  the  appearance  of  the 
rve  passing  through  the  tops  of  the  stakes  whether  or  xvcA.  >i>a»  'wo^Na, 
proximately  correct.    If  this   method   is  ioWovied,  \io^cv«t»  ^^ckfe  VasX. 
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should  be  emphasized  that  it  is  not  the  usual  method  of  procedure,  but 
that  in  most  cases  each  stake  is  driven,  not  to  grade,  but  with  its  top  a  whole 
number  of  feet  above  or  below  grade  according  to  method  2,  p.  258;  or,  if 
this  is  impracticable,  method  3  is  followed. 

Questions:  1.  Give  two  general  methods  of  finding  elevations 
of  points  on  a  vertical  curve,  p.  289.  2.  If  the  second  method 
is  used,  why  is  the  vertical  scale  usually  much  greater  than  the 
horizontal  scale?  p.  289.  3.  Why  is  the  parabola  more  often 
used  than  the  circle  for  vertical  curves?  p.  289.  4.  Explain 
the  method  of  finding  points  on  a  vertical  parabola  by  tangent 
corrections;  by  successive  chord  gradients,  p.  290.  5.  How 
may  the  elevation  of  any  point  between  stations  be  found? 
p.  290.  6.  Give  two  methods  of  field  work  for  running  in  a 
vertical  curve,  p.  291.     7.   Compare  the  two  methods,  p.  291. 

8.  Explain  how  to  make  the  vertical  parabola  pass  throu^  a 
point  at  a  given  distance  above  or  below  /.  p.  292,  §  364  (g). 

9.  How  would  you  proceed  when  the  rate  of  change  c  and  the 
two  grades  g  and  g'  are  given?  §  364  (h).  10.  Explain  methods 
of  checking  computations.  Top  and  bottom  of  p.  292;  ako 
illustration,  bottom  p.  368. 


GROUP  Co. 

EXERCISES  IN  THE  USE  OF  THE  COMPASS 


Exercise  Co-1. 
The  Error  of  Sighting  and  Reading  a  Compass. 

References:   Pages  293-295,  p.  101,  §143,  p.  575,  §  575. 

Equipment:   Compass,  tape,  sight-pole,  ax,  and  stakes. 

Directions:  1.  Drive  a  stake  A  and  set  up  the  compass  over 
this  stake.  2.  Drive  a  stake  B  300  or  400  feet  away,  sight  at  a 
p)ole  held  on  this  stake,  and  read  the  bearing  of  the  line  AB. 
3.  Move  the  compass  through  an  arc  of,  say,  90^,  thus  changing 
the  reading  of  the  needle;  then,  without  sighting  at  B,  set  the 
compass  at  the  original  bearing  of  ABj  line  in  the  pole  and 
measure  the  distance  this  line  of  sight  passes  to  one  side  or  the 
other  of  the  stake  B.  4.  Repeat  the  work  a  number  of  times, 
changing  the  reading  of  the  needle  and  resetting  the  compass  at 
the  'same  bearing  each  time.  From  a  number  of  results  thus 
obtained,  find  the  probable  error  of  sighting  the  compass,  in 
units  of  angular  measure.  (This  will  require  a  rough  measurement 
of  the  distances  from  stake  A  to  stake  B.)  Use  a  form  similar 
to  that  on  p.  19  for  finding  the  probable  error. 

Note:  The  distance  that  the  line  of  sight  passes  to  one  side  or  the  other 
of  the  stake  should  be  entered  in  the  column  headed  *'  v."  When  the  prob- 
able error  has  been  obtained  in  units  of  linear  measurement  this  quantity 
divided  by  the  distance  AB  will  give  (approximately)  the  tangent  of  the 
angle  which  corresponds  to  that  probable  error. 

Questions:  1.  Explain  the  method  of  reading  bearings. 
p.  101.  2.  Why  are  the  letters  E  and  W  interchanged  in  the 
compass  box?  p.  102.  3.  What  precaution  should  be  observed 
in  reading  bearings?  4.  Why  is  it  not  advantageous  to  place 
telescopes  on  compasses?  p.  576. 

Note  :  Questions  concerning  bearings  asked  in  connection  with  Exercise 
Tr-5,  page  32,  of  this  book  may  be  discussed  in  connection  with  this  exer- 
cise also. 
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Exercise  Ca-2. 

Reading  Bearings. 

References:  Page    101,    §  143;    pp.    111-113;    pp.    541-543; 
p.  575,  §  575. 

Equipment:  Compass,  sight-pole,  ax,  and  stakes. 

Directio.ns:  1.  Set  the  compass  over  a  stake  A.  2.  Drive 
four  stakes,  B,  C,  D,  and  E^  at  random,  each  at  least  200  feet  from 
stake  Ay  making  a  four-sided  polygon  BCDE  with  A  in  the 
approximate  center  of  this  polygon.  3.  By  sighting  at  each 
stake  in  succession  read  and  record  the  bearings  of  the  lines 
AB,  AC,  AD,  and  AE.  4.  By  the  method  explained  on  p.  382, 
§  435,  find  the  values  of  the  angles  BAC,  CAD,  DAE,  and  EAB, 
and  compare  their  sum  with  360°. 

Field  Notes:  1.  Make  a  sketch  showing  the  bearing  of  each 
line  and  the  angles  between  lines.  2.  Arrange  the  computations 
for  angles  according  to  the  form  on  p.  383. 

Questions:  1.  What  is  meant  by  the  dip  of  the  needle?  How 
is  this  dip  counteracted?  p.  541.  2.  What  is  meant  by  the 
magnetic  declination  and  the  magnetic  meridian?  p.  541. 
3.  Define  isogonic  lines  and  agonic  line.  p.  543.  4.  What  is 
meant  by  a  west  declination?  an  east  declination?  In  the 
United  States  how  can  you  remember  whether  the  declination 
is  east  or  west  for  any  given  place?  p.  111.  5.  What  is  the 
approximate  magnetic  declination  at  New  York?  at  San  Francisco? 
at  Chicago?  See  Isogonic  chart  opposite  p.  638.  6.  What  is 
meant  by  local  attraction,  and  give  some  of  the  sources  of  such 
attraction,  p.  543.  7.  If  something  about  the  person  deflects 
the  needle,  as,  for  example,  a  knife  or  keys  in  the  pocket,  is  this, 
strictly  speaking,  local  attraction?  p.  543.  8.  Name  five  varia- 
tions of  declination,  p.  541.  9.  Give  some  facts  concerning 
secular  variation,  p.  541.  10.  Grive  some  facts  concerning 
diurnal  variation,  p.  542.  11.  Is  annual  variation  the  same  as 
the  change  per  year  in  secular  variation?  p.  543.  12.  To  what 
are  irregular  variations  due?  p.  543.  13.  Describe  various  forms 
of  compasses,  p.  575.  14.  Upon  what  does  the  sensitiveness  of 
the  needle  depend?  p.  575.  15.  What  precautions  should  always 
he  taken  to  avoid  dulling  the  pivot?  p.  294,  §  366  (3).  16.  Give 
the  most  important  requiTeraeTv\.a  lot  ^  %qq^  wircss^^sa.  p.  575. 
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17.  What  is  the  difference  between  a  plain  compass  and  a  vernier 
compass?  p.  575.  18.  What  is  a  prismatic  compass?  p.  576. 
19.  Describe  three  tests  for  the  compass,  p.  576.  20.  How  may 
a  needle  be  remagnetized?  21.  If  a  compass  is  to  be  put  away 
for  a  considerable  length  of  time,  what  precaution  may  be  taken 
in  order  that  the  needle  may  retain  its  magnetic  strength?  p.  295. 

Exercise  Co-3. 
Comiiass  Survey  of  a  Polygon. 

References:  Chapter  XXIV,  p.  293;  also  §  566,  p.  541;  §  575, 
p.  575. 

Equipment:  Surveyor's  compass,  chain  or  tape,  sight-poles^ 
ax,  and  stakes. 

Directions:  Drive  four  or  five  stakes  at  random,  forming  an 
irregular  polygon  no  side  of  which  is  less  than  150  feet.  Begin- 
ning at  any  stake  survey  this  polygon,  measuring  the  forward 
and  back  bearings  of  each  Une  and  its  length. 

Field  Notes:  According  to  Form  9,  p.  297.  {See  Method  of 
Procedure,  p.  298.) 

Suggestion:  If  students  work  in  parties  of  two  each,  one  man  should  run 
the  compass  entirely  around  the  polygon,  and  then  the  problem  may  be 
repeated,  the  other  man  running  the  instrument. 

Questions:  1.  What  bearings  are  usually  kept  in  a  survey? 
p.  113.  2.  In  compass  surveying  why  is  it  well  to  keep  back- 
bearings  also?  p.  295,  §  366  (7).  3.  In  compass  surveying  how 
are  the  relative  positions  of  any  two  points  determined?   p.  293. 

4.  Give  some  objections  to  the  use  of  the  compass,   p.  293. 

5.  What  are  some  of  the  advantages?  p.  293.  6.  Give  some 
practical  suggestions  for  the  use  of  the  compass  concerning  the 
following  points  (see  §  366,  p.  294):  Setting  up;  method  of 
sighting;  method  of  reading  needle;  protecting  the  pivot;  avoid- 
ing sources  of  attraction;  sluggish  needle;  duplicate  readings. 
7.  Which  sight  vane  should  be  next  to  the  eye  in  sighting,  and 
which  end  of  the  needle  should  always  be  read?  p.  294.  8.  Why 
will  reading  the  bearings  at  both  ends  of  a  line  reveal  an  error 
due  to  local  attraction?  9.  When  it  is  impracticable,  because  of 
an  obstruction,  to  take  the  bearing  of  a  line  directly,  how  may  its 
bearing   be   found?     10.   When   is   the   decUivaWoxi  ^vi  \3»sr^ 
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p.  295.  11.  Give  the  general  method  of  making  a  compass 
survey,   p.    295.     12.   How   may   details   be   located?   p.   296. 

13.  If  the  bearings  taken  at  the  two  ends  of  a  line  disagree,  how 
may   it   be   determined   which   is   correct?  p.    296,    §  368  (a). 

14.  Illustrate  how  the  effects  of  local  attraction  may  be  elimi- 
nated from  the  bearings  of  a  number  of  connected  lines,    p.  296. 

15.  What  are  three  chief  sources  of  error  in  compass  surveying? 
p.  298.  16.  What  are  the  limits  of  precision  in  compass  sur- 
veying? p.  298.  17.  Give  the  general  method  of  rerunning  old 
surveys,  p.  298.  18.  If  in  rerunning  boundary  lines  two  points 
on  any  one  line  are  still  preserved,  what  is  the  most  direct  method 
of  ascertaining  the  change  in  magnetic  declination  which  has 
taken  place  since  the  original  survey?  p.  299.  19.  Why  is  it 
important  to  give  on  the  map  of  a  compass  survey  the  date  of 
the  survey?  p.  299.  20.  What  publication  gives  magnetic 
declinations  at  different  places  in  the  United  States?  p.  299. 


GROUP  S. 

EXERCISES  IN  THE  USE  OF  THE  STADIA. 

The  exercises  in  this  group  afford  practice  in  measuring  horisontal  dis- 
tances and  in  determining  elevations  by  the  stadia  method. 

Exercise  S-1, 

To  Test  the  Stadia  Interval. 

References:  Pages  300-304. 

Equipment:  Transit  equipp)ed  with  stadia  wires,  stadia  rod, 
steel  tape,  ax,  and  stakes. 

Directions:  Test  the  stadia  interval  for  distances  up  to  400 
feet  according  to  the  method  explained  in  §  374,  p.  302. 

Field  Notes:  Give  the  number  or  the  letter  and  the  maker's 
name  of  the  transit  tested.  Record  the  distance  corresponding 
to  each  reading  of  the  rod,  and  give  the  final  value  of  the  stadia 
interval  as  deduced  from  these  distances. 

Sttggeationa:  It  is  well  for  several  students  in  the  party  to  test  the  stadia 
interval  for  the  same  transit,  and  the  final  value  of  this  stadia  interval  should 
then  be  deduced  from  the  observations  taken  by  all  of  the  students.  If  the. 
stadia  wires  are  adjustable  and  they  are  found  out  of  adjustment,  they 
should  be  reset  as  explained  in  §  375,  p.  303.  This  may  be  done  by  the 
whole  party  working  together  imder  the  supervision  of  the  instructor. 

Questions:  1.  Define  stadia, , stadia  wires,  stadia  rod.  p.  300. 
2.  What  are  some  of  the  different  patterns  of  stadia  rods  in 
common  use?  pp.  573  and  574.  3.  Give  some  suggestions  for 
making  a  stadia  rod.  p.  574.  4.  Can  leveling  rods  be  used  as 
stadia  rods?  p.  300.  5.  Define  telemeter;  tachymeter.  p.  300. 
6.  Explain  by  means  of  a  diagram  the  principle  of  the  stadia, 
p.  301.  7.  How  may  the  constant  C  be  determined  by  direct 
measurement?  p.  302.  8.  What  is  the  average  value  of  C  for 
transits?  for  18-inch  wye-levels?  Remark^  p.  302.  9.  Give  the 
general  method  of  testing  stadia  intervals,  p.  302.  10.  Explain 
the  method  of  adjusting  stadia  wires,  p.  303.  11.  Is  it  essential 
that  the  two  stadia  wires  should  be  equally  distant  from  the 
horizontal  cross- wire?  What  advantage  is  there  in  having  them 
equally  distant?  p.  303.     12.   Give  some  practical  «v3L^<i^\wi& 
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for  adjusting  sta'dia  wires,  p.  303.  13.  Explain  the  method  of 
graduating  a  rod  for  fixed  stadia  wires,  p.  304.  14.  Explain 
what  is  meant  by  interval  factor,  and  how  it  may  be  ascertained 
in  any  given  case.  p.  304.  15.  Which  is  to  be  preferred  for 
accurate  work  —  adjustable  or  fixed  stadia  wires?  p.  304, 
Practical  Suggesticms.  16.  What  effect  has  refraction  in  deter- 
mining the  stadia  interval  (p.  313),  and  when  should  tests  be 
made  for  very  accurate  work  in  graduating  a  rod?  p.  304. 
17.  What  are  the  advantages  of  using  a  standard  rod  and 
correcting  readings  by  an  interval  factor?  p.  304. 

Exercise  S-2. 

To  Measure  Distances  on  Level  Ground  by  the  Stadia. 

References:   Page  304,  §  377;  p.  307,  §  381  (a),  (c),  (d),  (e). 

Equipment:  Transit  with  stadia  wires,  stadia  rod,  tape,  ax, 
and  stakes. 

Directions:  1.  Set  up  the  transit  over  stake  A,  2.  Drive 
four  stakes,  B,  C,  D,  and  E,  at  distances  from  the  transit  vaiying 
from  about  30  feet  to  300  feet.  3.  Using  the  stadia  method 
only,  find  the  distances  AB,  ACj  AD,  and  AE.  4.  Measure  the 
above  distances  with  the  tape.  5.  Repeat  the  exercises  until  a 
distance  can  be  measured  by  the  stadia  with  reasonable  certainty. 

Field  Notes:  1 .  On  the  right-hand  page  give  a  description  of  the 
work ;  on  the  left-hand  page,  arrange  in  columns  side  by  side  the 
distances  to  each  point  as  found  by  the  stadia  and  as  measured 
with  the  tape.  2.  Give  also  your  conclusions  as  to  the  limit  of 
accuracy  of  the  stadia  method,  basing  your  opinion  u[>on  the 
results  obtained  in  this  exercise. 

Suggestions:  Four  students  can  work  to  advantage  at  each  transit.  While 
two  are  measuring  by  the  stadia  method,  the  other  two  can  be  measuring 
with  the  tape.  Each  student  should  take  his  turn  in  using  the  transit,  but 
it  is  well  to  use  a  different  set  of  stakes  each  time  to  avoid  being  prejudiced 
by  the  previous  readings. 

Qtiestion^:  Give  the  general  method  of  reading  the  stadia  rod. 
p.  304.     2.   What  are  some  of  the  common  mistakes?  p.  305. 

3.  Give  practical  suggestions  for  the  use  of  the  stadia,   p.  307. 

4.  How  accurately  can  distances  be  measured  with  the  stadia? 
p.  307  and  p.  313,  §  386  (a).  5.  How  long  sights  should  be 
taken? p.  307. 
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Exercise  S-3. 

To  Measure  Horizontal  Distances  on  Sloping  Ground 

by  the  Stadia. 

References:   Pages  305-307. 

Equipment:  Transit  with  stadia  wires,  stadia  rod,  tape,  ax, 
and  stakes. 

Directions:  1.  Set  up  the  transit  over  stake  A  driven  where 
the  ground  is  sloping.  2.  Drive  several  stakes,  5,  C,  D,  E,  at 
distances  from  the  transit  varying  from  30  feet  to  300  feet,  and 
at  points  whose  elevations  vary  considerably.  3.  Read  and 
record  the  inclined  distance  and  the  vertical  angle  to  the  rod  held 
on  each  stake.  4.  Reduce  the  inclined  readings  to  horizontal 
distances  as  explained  on  p.  480,  §  514.  5.  Check  the  results 
by  measuring  horizontal  distances  with  the  tap>e. 

Field  Notes:  Keep  field  notes  on  the  left-hand  page  according 
to  Form  11,  p.  311,  omitting  the  first  two  columns.  On  the 
right-hand  page,  arrange  in  systematic  form  all  computations  for 
redi^'»ing  inclined  distances. 

Suggestions:  1.  It  is  well  to  take  some  of  the  stakes  above  and  some 
below  the  transit.  Oftentimes  the  rod  may  be  held  on  top  of  a  fence,  in  a 
second  or  third  story  window,  or  at  other  points  of  varying  elevations,  instead 
of  on  stakes  driven  in  the  ground.  2.  In  multiplications  for  reducing 
inclined  distances,  use  the  abridged  method,  p.  481.  It  is  well  also  to  use 
reduction  diagrams  and  slide  rules. 

Questions:  1.  By  means  of  a  sketch,  explain  what  two  correc- 
tions are  involved  when  the  line  of  sight  is  inclined?  p.  306. 
2.  Derive  the  formula  for  horizontal  distance,  p.  306.  3.  In 
measuring  horizontal  distances  with  the  stadia,  when  may 
vertical  angles  be  ignored?  Bottom  of  p.  307. 

Exercise  S-4. 

To  Obtain  Vertical  Distances  or  Elevations  by  the 

Stadia. 

Reference:   Page  308. 

Equipment:  Transit  with  stadia  wires,  stadia  rod,  tape,  ax, 
and  stakes. 

Directions:  1.  Set  up  the  transit  over  the  stake  A  driven  in  slop- 
ing ground.     2.   Drive  stakes  B,  C,  D,  and  E  aA.  (3l\^^\«w\.  ^«s^ 
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tions,  and  at  distances  from  the  transit  varying  from  50  to  300  feet. 

3.  Find  the  elevation  of  these  stakes  with  respect  to  the  stake 
under  the  transit  by  the  method  explained  in  §  382  (a),  p.  308. 

4.  Repeat  the  work,  finding  the  elevations  of  the  same  stakes 
with  respect  to  a  near-by  bench-mark.  5.  Find  the  elevation 
of  each  stake  with  respect  to  the  stake  under  the  transit,  by 
the  first  method  explained  in  §  341,  p.  264,  using  the  tape  for 
measuring  horizontal  distances.  Compare  the  results  thus 
obtained  with  corresponding  elevations  obtained  by  the  stadia 
(step  3,  above). 

Field  Notes:  1.  On  the  left-hand  page  keep  the  field  notes  ac- 
cording to  Form  12,  p.  311,  omitting  the  second  column.  2.  On 
the  right-hand  page,  keep  in  a  systematic  form  all  computations. 
3.  Show  side  by  side  the  elevations  as  obtained  from  step  3  and 
step  5. 

Suggestions:  1.  See  suggestions  of  the  preceding  problem.  2.  When 
vertical  distances  or  elevations  are  involved,  it  is  essential  that  the  algebraic 
sign  of  the  vertical  angle  should  be  carefully  entered  in  the  notes. 

Questions:  1.  Explain  the  method  of  obtaining  elevations  of 
points  with  reference  to  a  point  under  or  near  the  instrument 
(p.  308,  §  382  (a));  with  reference  to  a  bench-mark,  some  dis- 
tance from  the  instrument.  §  382  (b).  2.  What  is  one  of  the 
first  things  to  be  given  definitely  in  the  notes?  §  382  (c).  3.  Upon 
what  does  the  accuracy  of  elevations  depend?  §  382  (d).  4.  If 
an  error  as  large  as  6'  is  made  in  a  vertical  angle  of  about  14**, 
what  would  be  the  resulting  error  in  elevation  at  a  point  200 
feet  from  the  transit?  p.  309.  5.  If  a  vertical  angle  of  about 
14°  is  measured  correctly,  but  the  distance  as  obtained  by  the 
stadia  is  1  foot  greater  than  or  1  foot  less  than  it  should  be, 
what  is  the  resulting  error  in  elevation?  p.  309.  6.  Is  an  error 
in  measuring  a  vertical  angle  more  imjwrtant  in  large  angles 
than  in  small  angles,  or  vice  versa?  p.  309.  7.  Is  an  error  in 
measuring  distances  more  important  when  the  vertical  angle  is 
large,  or  when  it  is  small?  p.  309.  8.  In  ordinary  work,  how 
closely  should  distances  and  vertical  angles  be  measured?  p.  309. 
9.  When  may  vertical  angles  be  read  without  the  use  of  the 
vernier,  and  how  closely  should  the  corresponding  distances  be 
read?  p.  309. 
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Exercise  S-5, 

Stadia  Survey  of  a  Polygon.     (Azimuth  Method.) 

References:  Pages  309-317. 

Equipment:  Transit  with  stadia  wires,  stadia  rod,  ax,  and 
stakes. 

Directions:  1.  Drive  four  stakes  to  serve  as  four  corners  of 
an  irregular  polygon  the  sides  of  which  vary  in  length  from  less 
than  100  feet  to  more  than  200  feet.  2.  Survey  this  polygon  by 
the  first  azimuth  method  (p.  121),  using  the  stadia  for  measuring 
all  distances.  Assume  a  magnetic  north  and  south  line  as  a 
reference  meridian.  Find  the  elevations  of  all  stakes:  with 
reference  to  a  bench-mark  near  the  first  station  by  the  method 
explained  on  p.  308. 

Field  Notes:   Use  Form  10,  p.  310. 

Suggestions:  Follow  the  practical  suggestions  given  at  the  bottom  of 
p.  309.  Two  men  can  work  to  advantage  in  each  party  in  this  exercise.  If 
time  permits,  one  should  run  the  transit  entirely  round  the  polygon,  the  other 
acting  as  rodman.  Then  the  exercise  should  be  repeated,  the  two  men  inter- 
changing positions  and  going  round  the  polygon  in  the  opposite  direction. 
If  desired,  one  of  the  other  methods  for  running  transit  lines  may  be  used 
instead  of  the  azimuth  method,  or  additional  exercises  may  be  given  similar 
to  this,  involving  the  other  methods  of  running  transit  lines. 

Questions:  1.  What  methods  are  used  for  running  transit 
lines  in  stadia  surveys?  p.  309.  2.  What  methods  are  used  for 
locating  details?  p.  309.  3.  Give  some  practical  suggestions 
pertinent  to  stadia  surveying.  4.  Compare  the  forms  of  notes 
given  on  pp.  310  and  311.  5.  Give  some  of  the  sources  of  error 
in  stadia  surveying,  p.  312.*  6.  Explain  why  it  is  unwise 
during  midday  hours  to  take  sights  which  require  the  line  of 
sight  to  pass  nearer  than  three  feet  to  the  ground,  p.  313. 
7.  What  should  be  the  maximum  probable  error  of  sighting  for 
distances  up  to  100  feet?  p.  313.  8.  What  may  be  expected  as 
a  mean  discrepancy  between  measurements  made  by  the  stadia 
and  by  the  tape  for  distances  of  approximately  300  feet?  p.  314. 

9.  "VVTiat  is  the  maximum  error  likely  to  occur  in  ordinary  work 
in  finding  the  elevation  of  a  point  from  a  vertical  angle  of 
about  lO*'  and  the  length  of  sight  of  about  300  feet?  p.  314. 

10.  Give  the  formula  for  determining  the  maximum  allowable 
error  in  the  sum  of  the  lengths  of  the  lines  ttav^tsfe^,  ^.  *^\.^. 
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11.  Give  practical  suggestions  for  stadia  surveying  concerniDg 
the  following  points:  The  constant;  the  stadia  wires;  method 
of  sighting;  reading  the  rod;  length  of  sight;  method  of  sighting 
when  two  stations  are  too  far  apart  for  a  single  sight;  method 
followed  when  only  a  small  portion  of  the  rod  can  be  seen ;  when 
vertical  angles  should  be  taken  into  account;  checking  distances 
between  stations;  checking  distances  of  side  shots;  method  of 
determining  elevations;  point  of  reference  for  elevations;  the 
relations  between  the  length  of  sights  and  the  vertical  angle; 
effect  of  an  error  in  the  adjustment  of  the  telescope  level-bubble 
avoiding  needless  refinements. 


GROUP  P. 

EXERCISES  IN  THE   USE  OF  THE  PLANE  TABLE. 

The  first  five  exercises  in  this  Rroup  a£Ford  practice  in  the  five  fundamental 
methods  used  in  plane-t^ble  surveying.  The  last,  exercise  is  one  on  the 
••  three-point  problem." 

Exercise  P-1. 
Plane-table  Survey  of  a  Polygon. 

(Method  of  Radiation.) 

References:   Pages  318-322;  also  pages  576,  577. 

Equipment:  Plane-table,  and  accessories  (scale,  hard  pencil, 
pencil  sharpener,  drawing  paper,  triangles,  fine  needle,  thumb 
tacks),  steel  tape,  ax,  and  stakes. 

Directions:  Drive  four  stakes  at  random  so  that  each  will  be 
the  comer  of  a  polygon,  no  side  of  which  is  less  than  150  feet  in 
length.  2.  Set  up  the  plane-table  near  the  center  of  this 
polygon,  and  locate  the  comers  by  the  method  of  radia'tion. 
p.  321.  3.  Scale  the  lengths  of  the  sides  of  the  polygon  and 
mark  these  lengths  on  the  map;  measure  the  lengths  of  the 
sides  with  the  tape  and  mark  these  lengths  on  the  map,  thus 
affording  a  comparison  and  a  check.  • 

Suggestions:  In  this  exercise  adopt  as  large  a  scale  as  practicable  and 
have  the  polygon  come  within  the  limits  of  the  board. 

Questions:   1.   Give  some  of  the  requirements  for  the  board  of 

a  plane-table,  p.   576;    for  the  alidade,  p.   577.     2.   What  are 

some  of  the  accessories?   p.  577.     3.   What  is  a  traverse  board? 

p.  577.     4.   Give  some  of  the  tests  for  the  plane-table,  p.  577. 

5.    What  is  the  peculiar  characteristic  of  plane-table  surveying? 

p.    318.     6.   How    are    Hnear    measurements    made?     p.    318. 

7.   For  what  kind  of  work  is  the  plane-table  especially  useful? 

p.   318.     8.   Give  some  of  the  advantages  of  the  plane-table. 

p.    319.     9.   Some    of   the    disadvantages,     p.    319.     10.   Give 

some  suggestions  for  setting  up  the  plane-table,  p.  319.     11.   In 

most    plane-table    work  is  it  essential  to  get  a  point  on  the 

map  representing  the  position  of  the  plane-table  exactly  over 

the  corresponding  point  on  the  ground?  p.  320.     12.    Explain 

the  method  of  radiation  (p.  321).     13.   What  is  the  chief  use  of 

this  method?  p.  322. 
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Exercise  P-2. 
Plane-table  Survey  of  a  Polygon. 

(Method  of  Progression,  or  Traversing.) 
Reference:  Page  322.  , 

Equipment:  Same  as  for  the  preceding  exercise. 

Directions:  1.  Repeat  the  preceding  exercise,  using  the 
method  of  progression,  or  traversing,  p.  322.  2.  Check  the 
work  by  measuring  the  diagonals  of  the  polygon  and  comparing 
the  results  with  the  lengths  obtained  by  scaling  the  map. 

Suggestions:  1 .  Adopt  a  scale  as  large  as  the  limits  of  the  board  will 
permit.  2.  Throughout  the  work  the  first  sight  after  orienting  the  table 
should  be  a  check  sight.  These  check  sights  are  very  important  and 
should  never  be  omitted. 

Questions:  1.  Explain  the  method  of  orienting  the  plane 
table,  p.  322.  2.  To  which  method  of  transit  surveying  does 
this  method  correspond?  p.  323.  3.  How  should  check  sights 
be  taken?  p.  323.  4.  Is  it  necessary  to  set  up  over  the  last 
station?  p.  323.  5.  If  it  is  impracticable  to  set  up  over  bound- 
ary lines,  how  would  you  proceed?  p.  323.  6.  How  can  a 
four-sided  polygon  be  plotted  in  two  set-ups,  and  how  could 
the  positions  of  the  comers  be  checked?  p.  323.  7.  Can  the 
method  of  traversing  be  used  if  some  of  the  stations  are  inac- 
cessible? p.  32^.  8.  For  what  kind  of  work  is  the  method 
ordinarily  used?  p.  323.  9.  In  locating  roads,  banks  of 
streams,  etc.,  where  should  the  stations  be  chosen?  p.  323. 
10.  How  may  details  of  a  plane-table  survey  be  located? 
p.  323.  11.  In  a  large  topographic  survey  how  are  primary 
stations  a  valuable  check  on  plane-table  work?  p.  323. 

Exercise  P-3. 


( 


Plane-table  Survey  of  a  Polygon. 

(Method  of  Radio-Progression^) 
Reference:  Page  323. 
Equipment:  The  same  as  for  Exercise  P-1. 

Directions:    Repeat  Exercise  P-1,  using  the  method  of  radio- 
progression. 

Questions:      1.   Give    some    practical    suggestions    for    this     ! 
method,  p.  324.    2.  Comment  on  this  method,  p.  324. 
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Exercise  P-4. 
Plane-table  Survey  of  a  Polygon. 

(Method  of  Intersection.) 

Reference:   Page  325. 

Equipment:   Same  as  for  Exercise  P-1. 

Directions:  Repeat  Exercise  P-1,  using  the  method  of  inter- 
section, p.  325.  Although  the  four  stations  may  be  located 
with  two  set-ups,  the  work  should  be  checked  by  setting  up  at  a 
third  station. 

Questions:  1.  Give  practical  suggestions  concerning  choice 
of  stations;  method  of  check  lines,  p.  325.  2.  What  are  the 
advantages  of  this  method,  and  in  what  kind  of  work  is  it 
especially  useful?  p.  326. 

Exercise  P-5. 
Plane-table  Survey  of  a  Polygon. 

(Method  of  Resection.) 

Reference:   Page  326. 

Equipment:  Same  as  for  Exercise  P-L 

Directions:  Repeat  Exercise  P-1,  using  the  method  of  resection, 
p.  326. 

Questions:  1.  What  is  the  peculiar  characteristic  of  this 
method?  p.  326.  2.  Give  practical  suggestions  concerning  the 
method  of  setting  up;  method  of  proceeding  when  there  are 
more  than  four  sides;  method  of  check  sights.  3.  When  is  this 
method  used?  p.  327.  4.  What  are  special  cases  of  this 
method?  p.  327. 

Exercise  P-6. 
Discussion  of  Plane-table  Surveying. 

(Exercise  for  the  Classroom.) 

1.   Compare  the  five  methods  used  in  plane-table  surveying 
p.  327.     2.   Give  practical   suggestions  concerning  selection  of 
paper;    method  of  carrying  paper;    fastening  paper  to  board; 
protecting  paper  in  case  of  rain;    connecting  different  sheets 
when  two  or  more  are  used.  p.  327.    3.  Give  pt^jcVkak  ^xmjj 
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gestions  for  manipulation  of  the  plane-table,  including,  turaiog 
it  slowly;  manipulating  the  alidade;  disturbance  of  the  board, 
p.  327.  4.  Give  practical  suggestions  for  plotting,  including, 
method  of  sharpening  pencil;  use  of  scale;  drawing  lines; 
locating  several  points  on  the  same  straight  line ;  drawing  lines 
close  to  a  straight  edge;  keeping  track  of  points  and  lines, 
p.  328.  5.  Give  general  suggestions  including  use  of  colored 
glasses;  rules  for  cleanliness;  drawing  a  north  and  south 
meridian;  the  use  of  check  sights,  p.  328.  6.  How  are  verti- 
cal angles  measured,  and  in  what  kind  of  work  are  they  most 
used?  p.  328.  7.  Discuss  practical  questions  relating  to  field 
work,  including,  three  suggestions  for  choice  of  scale;  choice  of 
stations;  method  of  locating  details;  limits  of  error;  sources  of 
error,  p.  328. 


Exercise  P-7. 
Plane-table  Practice  in  the  Three-point  Problem. 

Reference:  Pages  329-334. 

Equipment:  Plane-table  and  accessories,  three  sight  poles, 
piece  of  tracing  cloth  or  tracing  paper. 

Directions:  1.  Choose  three  points.  A,  B  and  C,  visible  from 
a  station  P  to  be  occupied  by  a  plane-table.  The  points  a,  b, 
and   c   should    be   plotted   to    represent   three   visible   points. 

2.  Find  the  point  p  corresponding  to  P  by  the  mechanical 
solution  on  p.  329.  3.  Check  the  work  by  the  graphic  solution 
(Bessel's  method),  p.  330.  4.  Repeat  the  exercise  by  the  trial 
method  (Coast  Survey  method),  p.  332. 

Suggestions:  In  this  exercise  time  may  be  saved  if  the  three  given  points 
are  plotted  before  going  into  the  field.  For  this  reason  the  polygon  used 
in  one  of  the  plane-table  exercises  already  given  may  be  chosen  for  this 
work,  and  three  of  its  comers  transferred  to  a  clean  sheet  of  paper  by 
pricking  through.  When  the  fourth  comer  has  been  determined  by  the 
three-point  method,  the  map  of  the  whole  polygon  may  be  compared  with 
maps  made  by  other  methods.  Of  course,  it  should  be  pointed  out  that 
when  the  three-point  problem  occurs  in  practice  the  three  points  thran- 
selves  are  usually  long  distances  apart. 

Questions:  1.  Explain  the  mechanical  solution  of  the  three- 
point  problem,  p.  329.     2.   Comment  on  this  method,  p.  330. 

3.  Explain    Bessers    method,  p.    330.     4.   What   is   the   chief 
objection  to  BesseVs  inet\\od*t  p.^'iQ.    ^.  Ho^  may  this  diflS- 
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\ye  overcome?  p.  330.  6.  On  what  principle  is  Bessel's 
ion  based?  p.  331.  7.  Explain  Llano's  method,  p.  331. 
xplain  the  Coast  Survey  method,  p.  332.  9.  Give  rules 
^idance  in  (Joast  Survey  method,  p.  332.  10.  Explain 
Two-point  Problem,  p.  334. 


GROUP  To. 

EXERCISES  IN  TOPOGRAPHIC  SURVEYING. 

The  exercises  in  this  group  afford  practice  in  practically  all  of  the  methodt 
for  locating  contours  that  are  commonly  used  in  topographic  surveying. 

Exercise  To-1. 

Running  in  a  Contour. 

References:  Pages  337-341. 

Equipment:  Transit,  leveling  rod,  ax,  and  stakes. 

Directions:   1.   Choose  a  place  on  a  side  hill  where  the  surface 

is  quite  irregular;  set  up  a  transit  and  clamp  the  telescope  so  that 

the  line  of  sight  is  horizontal.     2.   Using  the  transit  as  a  level, 

backsight  on  some    near-by  bench-mark,   thus    obtaining  the 

elevation  of  the  line  of  sight.     3.   Setting  the  tai^et  at  the  proper 

grade  rod,  find  points  at  intervals  of  about  25  feet  on  a  contour 

whose  elevation  is  an  even  multiple  of  5  feet,  marking  each  point 

with  a  stake. 

Suggestion:  In  this  exercise  the  elevation  of  the  contour  is  Inunaterial, 
the  object  being  to  set  a  row  of  stakes  200  or  300  feet  long  that  will  show 
to  a  student  how  a  given  contour  winds  in  and  out  along  the  surface  of  the 
ground  (see  also  Suggestion,  p.  337). 

Qiuestions:   1.   Define    contour;     contour   interval.       p.   337. 

2.  What  are  some  of  the  customary  contour  intervals?  p.  337. 

3.  How  can  the  imagination  be  helped  in  tracing  a  contour  with 
the  eye?  p.  337.  4.  What  is  a  topographic  map?  What  is  its 
advantage  over  an  ordinary  map?  p.  337.  5.  How  would  the 
surface  of  a  perfect  cone  be  represented  by  contours?  p.  338. 
6.  Give  some  of  the  fundamental  principles  concerning  the 
following  points:  Contour  lines  crossing;  contour  lines  merging; 
contour  lines  near  together  or  far  apart;  line  of  steep>est  slope  at 
any  point;  difference  between  closed  contour  lines  indicating  a 
hill  and  similar  lines  indicating  a  depression ;  continuity  of  contour 
lines ;  contour  lines  in  pairs;  a  single  contour  line  between  two 

higher  or  two  lower  lines;  contour  lines  across  a  stream,   p.  338. 
7'    Why   cannot  a  contour  Yyiv^  Xmtvv  ^owa.  ^tteam?  p.  338. 
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8.  Define  ridge  line;  valley  line.  p.  339.  9.  Where  do  the 
sharpest  bends  or  curves  in  a  contour  line  occur?  p.  339. 
10.  When  the  convex  side  of  the  curve  is  toward  lower  ground, 
does  it  indicate  a  ridge,  or  a  valley?  p.  339.  11.  What  two 
general  methods  are  there  of  locating  contours?  p.  340. 
12.  Explain  the  modified  method,  p.  341.  13.  In  the  modified 
method,  what  should  be  the  size  of  square?  p.  341.  14.  Give  a 
system  of  numbering  the  comers  of  squares,   p.  341. 


Exercise  To-2. 

Topographic  Survey  of  a  Small  Area. 
(Direct  Method  of  Running  in  Contours  with  a 

Spirit  Level.) 

References:  Pages  348,  §  411  (a);  339,  §  401;  341-348. 

Equipment:  Transit,  level,  leveling  rod,  drawing-board  mounted 
on  a  tripod  with  accessories  for  plotting,  including  protractor, 
scale,  and  triangles. 

Directions:  Choose  a  place  where  the  surface  of  the  ground 
is  quite  irregular,  and  make  a  topographic  survey  of  a  small  tract 
a  few  hundred  feet  square  by  the  method  explained  in  the  first 
illustration,  p.  348,  §  411  (a).      • 

Suggestiona:  1.  Each  member  of  the  party  should  follow  the  method  of 
procedure  for  his  position,  outlined  on  p.  349,  and  before  the  survey  is 
completed  each  should  have  had  practice  in  all  of  the  different  positions. 
Read  also  Remark,  p.  348.  2.  After  each  member  of  the  party  has  had 
practice  in  plotting  notes  in  the  field,  it  may  be  well  to  continue  the  survey 
without  plotting  the  notes,  using  the  combination  method  for  field  notes 
explained  on  p.  346. 

Qiiestions:  1.  Give  the  general  method  of  procedure  for  the 
levelman.  p.  349.  2.  As  a  rule,  is  it  better  to  carry  the  work  of 
leveling  from  station  to  station  as  the  work  progresses,  or  first 
to  run  a  line  of  levels  establishing  bench-marks,  and  then  to 
start  anew  from  each  station  in  running  in  contours?   p.  349. 

3.  Give  the   method   of  procedure   for  the    rodman.    p.    349. 

4.  Give  the  method  of  checking  a  grade  rod.    p.  349.     5.   How 
close  should  the  line  of  sight  come  to  the  center  of  the  target? 
p.  349,     6.   Give  the  method  of  procedure  for  the  tt«Ai&\\.  xel'bxv. 
p.  349.    7.   Give  the  method  of  orientiiig  the  tTat\a\\..    %.  Qee^^ 
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the  method  of  procedure  for  the  azimuth  method,  p.  156.  9.  Is 
it  usually  necessary  to  read  the  vernier  for  either  vertical  or  hori- 
zontal angles?  p.  349,  p.  109,  §  152  (d).  10.  When  may  vertical 
angles  be  ignored?  p.  307.  11.  What  distances  should  be  read 
twice?  p.  349.  12.  What  lines  should  be  checked  with  a  needle? 
p.  349.  13.  Give  the  method  of  procedure  for  the  drafts^haa 
p.  349.  14.  Give  two  methods  of  plotting  azimuths,  p.  349. 
15.  Give  different  methods  of  reducing  inclined  stadia  read- 
ings, pp.  480-483.  16.  Give  a  method  of  keeping  track  of 
points,    p.  349. 

Exercise  To-3. 

Topographic  Survey  of  a  Small  Area. 
(Contours  Interpolated  by  Spirit  Leveling.) 

References:  Page  340,  §  402  (b);  p.  350,  §  411  (b). 

Equipment:  Same  as  for  the  preceding  exercise. 

Directions:  Make  a  topographic  survey  of  a  small  area  as  in 
the  preceding  exercise,  but  use  the  method  explained  in  the 
second  illustration  on  p.  350. 

Suggestions:  1.  See  suggestions  for  preceding  exercise.  2.  It  may  be 
well  to  cover  exactly  the  same  ground  as  in  the  preceding  exercise,  and  to 
compare  the  map  obtained  by  interpolating  contours  with  that  obtained  in 
the  preceding  exercise  by  running  in  contours. 

Exercise  To-4. 

Topographic  Survey  of  a  Small  Area. 
(Contours  Interpolated  by  Means  of  the  Vertical  Angle 

Method.) 

Reference:  Page  350,  §  411  (c). 

Equipment:  Transit,  stadia  rod  or  leveling  rod,  drawing-board 
mounted  on  tripod  with  accessories  for  plotting,  including  pro- 
tractor, scale,  and  triangles. 

Directions:  Make  a  topographic  survey  of  a  small  area  as  in 
the  preceding  exercise,  but  use  the  vertical  angle  and  stadia  for 
determining  elevations  instead  of  the  spirit  level,  following  the 
naethod  of  procedure  outlined  in  the  third  illustration,  p.  350. 

Suffgestiom:   See  suggeBtiona  lot  t\ie  pT««d:\xvi  «x«tti2MBRk 
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Questions:  1.  Give  the  method  of  procedure  for  the  transit- 
lan.  p.  350.  2.  How  can  spirit  leveling  be  used  in  connection 
dth  this  method?  p.  350.  3.  Give  the  method  of  procedure 
or  the  rodman.  p.  350.  4.  Give  the  method,  of  procedure  for 
be  computer,  p.  350.  5.  Explain  the  use  of  the  abridged 
lethod  of  multiplication  in  reducing  stadia  readings,  p.  481. 
.  Give  the  method  of  procedure  for  the  draftsman,  p.  350. 
.    Give  precautions  for  keeping  track  of  points,   p.  350. 


Exercise  To-5. 

Questions  Pertaining  to  Topographic  Surveying. 
(For  Class-room  Discussion.) 

Questions:  1.  Name  the  different  kinds  of  work  done  in  f 
opographic  survey,  p.  339.  2.  What  is  meant  by  horizontal 
ontrol?  p.  339.  3.  What  is  meant  by  vertical  control?  p.  339. 
;.  Is  the  work  of  horizontal  control  always  carried  on  simul- 
aneously  with  that  of  vertical  control?  p.  339.  5.  Give  the 
lifferent  methods  of  establishing  points  of  horizontal  control. 
).  340.  6.  Give  the  different  methods  of  establishing  points  of 
vertical  control,  p.  340. 

Questions  Concerning  Horizontal  Control. 

\  Method  of  establishing  primary  stations  in  an  extensive  sur- 
vey? p.  341.  8.  Method  of  establishing  secondary  stations? 
I.  Method  of  tying  the  survey  to  a  reference  meridian?  p.  341. 
.0.  Methods  of  locating  details?  p.  342.  11.  General  methods 
»f  locating  contours?  p.  342.  12.  For  angular  measurements, 
s  the  azimuth  or  the  direct  angle  method  most  used,  and  why? 
).  342.  13.  What  three  other  methods  of  horizontal  control  are 
requently  used?  p.  342.  14.  What  method  is  most  useful  for 
inear  measurements  in  a  topographic  survey?  p.  342.  15. 
Vhat  precautions  should  be  taken  when  the  azimuth  method  is 
ised?  p.  342.  16.  What  precaution  should  be  taken  in  estab- 
ishing  sub-stations?  p.  342.  17.  As  a  rule,  is  it  necessary  to 
'ead  the  vernier  in  locating  contour  points?  Give  an  illustration 
>f  the  error  involved  in  not  reading  the  vermeT.  p.  ^^. 
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Questions  Concerning  Vertical  Control. 

18.  Methods  of  determining  elevations  of  primary  stations? 
p.  343.  19.  Methods  of  determining  elevations  of  secondary 
stations?  p.  343.  20.  Methods  of  detennining  elevations  of 
contour  points?  p.  343.  21.  In  reading  vertical  angles  to 
contour  points,  is  it  necessary  to  read  the  vernier?  Illustrate 
the  error  involved  in  not  reading  the  vernier,   p.  343. 

General  Questions  of  Field  Work. 

22.  Give  some  considerations  which  govern  the  choice  of  stations 
for  horizontal  control:  (a)  for  triangulation  stations,  p.  192, 
§  247;  (b)  for  secondary  stations,  p.  149,  §  216.  23.  In  general, 
from  what  stations  are  contours  most  easily  controlled?  p.  344. 
24.  What  are  some  of  the  other  places  where  stations  should  be 
located?  p.  344.  25.  Give  some  suggestions  for  choosing  stations 
for  vertical  control,  p.  344.  26.  Give  suggestions  for  choosing 
controlling  points  of  contours,  p.  344.  27.  Give  additional 
suggestions  for  choosing  controUing  points  for  contours  when  the 
method  of  interpolation  is  used.  p.  344.  28.  What  considera- 
tions govern  the  choice  of  contour  intervals?  29.  Give  some  of 
the  considerations  which  govern  the  choice  of  methods  and  of 
instruments,  p.  345.  30.  Give  some  of  the  common  combina- 
tions of  instruments  and  methods,   p.  346. 

Questions  Concerning  Field  Notes. 

31.  Give  two  general  methods  of  keeping  field  notes  in  topo- 
graphic surveying,  p.  346.  32.  Explain  the  combination 
method  of  keeping  field  notes,  p.  346.  33.  Explain  the 
method  of  plotting  notes  in  the  field,  p.  347.  34.  Give  some 
suggestions  for  sketching  topography,  p.  347.  35.  Give  some 
practical  suggestions  for  field  notes  concerning  the  following 
p>oints  (347):  special  form  of  note  book;  common  mistake  in 
recording;  uses  of  drawing-board  and  protractor;  keeping  track 
of  the  points;  effect  of  moisture  on  paper;  choice  of  scale. 


GROUP  M. 
:rcises  in  determining  a  true  meridian. 

ixercises  in  this  group  afford  practice  in  the  determination  of  a  true 
n  both  by  observations  on  Polaris  and  by  observations  on  the  sun. 

Exercise  M-1. 

minatlon  of  a  Meridian  by  Observations  on  Polaris 

at  Elongation. 

rence:  Chapter  XXVIII,  p.  354. 

ipmenl:  Transit,  lanterns,  ax,  stakes. 

ctions:  1 .  Before  the  night  of  the  observation,  look  up  the 
f  elongation  of  Polaris.  2.  Set  up  over  a  stake  and  pro- 
3  explained  in  §  414,  p.  356. 

i  Notes:  Keep  a  complete  record  of  the  work  done,  includ- 
ketch  showing  the  position  of  all  stations  or  stakes. 

istions:  It  is  well  to  conduct  this  exercise  in  connection  with  some 
survey.  In  that  case,  on  some  day  previous  to  the  night  of  obser- 
set  a  number  of  stakes,  one  for  each  party,  on  one  of  the  main  transit 

the  survey.  The  stakes  should  be  at  least  twenty  feet  apart  and 
a  place  that  when  the  telescope  is  depressed  after  sitting  at  Polaris, 
sight  may  be  had  from  each  stake  for  at  least  300  feet.  If  this  is 
e  true  azimuth  or  the  true  bearing  of  the  transit  line  may  be  com' 
he  day  following  the  observation  by  measuring  the  angle  between 
le  established  at  the  time  of  the  observation  and  the  transit  line 
(See  sketch,  p.  390.)  The  results  thus  obtained  by  different  parties 
jn  be  compared. 

itments  of  the  transit  should  be  tested  previous  to  the  observation, 
til,  however,  to  follow  the  modified  method  explained  in  §  414  (a), 

thus  eliminating  error  due  to  adjustment.  Each  party  should  be 
take  several  pairs  of  observations,  checking  those  which  are  taken 
an  10  minutes  before  or  after  elongation  by  the  approximate  formula 
9. 

tions  concerning  Polaris:  1.  Is  Polaris  exactly  at  the 
3ole?  p.  354.  2.  If  any  star  were  at  the  pole  how  would  a 
eridian  be  determined?  p.  354.  3.  Why  is  Polaris  chosen 
jervations?  p.  354.  4.  Describe  a  simple  way  of  finding 
I.  p.  355.  5.  To  what  constellation  does  Polaris  belong? 
6.  Define  upper  culmination  and  lower  culmination. 
7.  Define  eastern  elongation  and  western  e\oiiig;aA.\Qivi.  ^,^^V 
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8.  What  is  the  sidereal  day?  p.  355.  9.  If  Polaris  reaches 
its  eastern  elongation  (or  any  other  point  in  its  orbit)  at 
7.45  P.M.  on  one  evening,  at  what  time  will  it  reach  the  same  point 
on  the  next  evening?  p.  355.  10.  Define  polar  distance.  What 
is  its  approximate  value  and  approximate  rate  of  change  per  year? 
p.  355.  11.  If  an  observer  at  the  equator  points  the  telescope 
of  his  transit  at  Polaris  when  at  its  eastern  elongation,  how  far 
will  the  line  of  sight  be  east  of  the  true  north?  p.  355.  12.  Ex- 
plain why  as  the  observer  moves  north  from  the  equator  the  angle 
between  a  line  of  sight  to  Polaris  at  elongation  and  the  true 
meridian  grows  larger,  p.  355.  13.  Explain  the  difference  between 
azimuth  and  polar  distance,  p.  355.  14.  How  can  one  tell  at 
what  vertical  angle  to  set  the  telescope  in  order  to  bring  Polaris 
into  the  field?  p.  356.  15.  When  Polaris  is  at  its  upper  or  lower 
culmination,  how  can  the  meridian  be  obtained?  p.  356.  16. 
What  is  an  approximate  method  of  determining  when  Polaris 
reaches  its  culmination?  p.  356.  17.  When  Polaris  is  between 
elongation  and  culmination,  how  can  its  azimuth  be  determined? 
Questions  concerning  the  methods  of  observing  Polaris:  18. 
Name  three  methods  of  observing  Polaris,  p.  356.  19.  Give  in 
order  the  steps  which  must  be  taken  in  observing  Polaris  at  elon- 
gation, p.  356.  20.  What  two  objections  are  there  to  taking 
only  one  observation  of  Polaris  at  elongation?  p.  357.  21.  Ex- 
plain a  modified  method  by  which  these  objections  may  be 
overcome,  p.357.  22.  Explain  how  to  calculate  the  time  of  elong- 
ation, p.  357.  23.  Why  is  it  necessary  that  the  transit  should 
be  in  adjustment  and  that  special  pains  should  be  taken  in 
leveling  up?  p.  357.  24.  What  is  a  common  way  of  bringing 
Polaris  into  the  field  of  the  telescope?  p.  357.  25.  Give  practical 
suggestions  for  focusing;  for  illuminating  cross-hairs,  p.  357. 
26.  Describe  the  movement  of  Polaris  in  respect  to  cross-hairs  as 
the  star  approaches  elongation,  p.  357.  27.  What  precaution 
should  be  taken  after  sighting  on  a  star  before  depressing  the 
telescope?  p.  358.  28.  Give  practical  suggestions  for  setting  a 
stake  and  establishing  the  point  after  depressing  the  telescope, 
p.  358.  29.  Explain  the  use  of  the  approximate  formula  for  check- 
ing observations,  p.  358. 

Questions  concerning  other  methods  of   observing    Polaris:  30. 

Explain  the  method  of  observing  at  culmination,  p.  358.    31. 

Explain  the  method  of  observing  Polaris  at  any  time.  p.  358. 

32,   What  are  the  advanta;ges  ol  o\>«fcTv\s:^^^3tosrv&^\  elongation? 
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p.  358.  33.  What  is  the  largest  permissible  error  if  this  method 
is  used?  p.  358.  34.  What  are  the  advantages  and  disadvan- 
tages of  the  method  at  culmination;  at  any  time?  p.  358.  35.  Ex- 
plain how  a  true  meridian  may  be  determined  roughly  by  means 
of  a  plumb-line.  p.  358.  36.  What  error  may  be  expected  in  this 
method?  p.  358.  37.  Explain  the  method  of  determining  mag- 
netic declination,  p.  358.  38.  Give  practical  suggestions  concern- 
ing the  declination  arc;  overcoming  a  lack  of  sensitiveness  of  the 
needle;  determining  the  declination  without  staking  out  a  nortL 
and  south  line. 

Exercise  M-2. 

Determination  of  a  Meridian  by  a  Single  Observation 

on  the  Sun. 

References:  Appendix,  pp.  620-627. 

Equipment:  Transit,  stakes,  ax. 

Directions:  Set  up  at  one  end  of  a  line  the  bearing  of  which  is 
to  be  determined,  and  follow  the  directions  given  in  Art.  603, 
pp.  624  and  625. 

Field  Notes:  For  form  see  Art.  603  (d),  p.  627. 

Sugge^iona:  (Read  also  the  practical  suggestions  on  p.  625,  noting  par- 
ticularly suggestion  (3)  as  to  leveling  up,  also  suggestion  (15),  p.  88.)  The 
transit  should  be  in  perfect  adjustment;  this  is  convenient  but  not  altogether 
necessary  if  method  of  procedure  is  followed  as  outlined.  Several  sets  of 
observations  should  be  taken  by  each  party,  each  set  giving  a  different  solar 
triangle  to  solve.  Preliminary  practice  in  pointing  the  telescope  at  the 
sun  will  be  necessary;  reduce  the  shadow  of  the  telescope  (thrown  on  a 
piece  of  paper)  to  a  small  circle,  when  the  sun  may  be  observed  through 
the  telescope,  or  its  image  seen  as  explained  in  the  "practical  suggestions," 
p.  625.  The  sun  may  be  also  approximately  found  by  turning  back  the 
colored  glass  of  the  prismatic  eyepiece  (in  transits  so  furnished)  and  revolv- 
ing the  telescope  about  each  axis  until  a  decided  glare  is  refracted  to  the 
eye,  which  must  be  held  some  distance  away.  Be  careful  not  to  use  either 
stadia  hair  by  mistake.  Be  certain  that  the  image  of  the  sun  seen  through 
the  prismatic  eyepiece  is  the  true'  image;  a  false  image  much  smaller  is 
sometimes  visible  in  some  transits.  What  causes  it?  Check  the  transit 
work  as  to  horizontal  angles  at  the  close  of  each  set  of  observations  by 
turning  back  to  the  original  sight. 

Questions  concerning  the  sun  and  its  image:  1 .  What  is  the  sun's 
apparent  diameter  July  1  ?  Jan.  1  ?  What  causes  this  variation? 
p.  625.  2.  Does  this  apparent  diameter  vary  with  the  sun's 
altitude?  3.  What  is  the  refraction  correction  for  bodies  on  the 
horizon?  bodies  at  an  altitude  of  45°?  bodies  at  the  zenith,  and 
why?  p.  624.  4.  Is  the  refraction  correction  additive  or  sub- 
tractive  as  applied  to  an  observed  altitude,  and  why?  ij.  ^2^* 
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5.  What  determines  the  amount  of  this  correction  other  than  a 
body's  altitude?  p.  623.  6.  Which  appears  to  us  larger,  the  sun 
or  the  moon? 

Questions  concerning  field  work:  7.  What  is  the  best  time  of 
day  for  observations  by  this  method?  p.  625.  8.  Why  inv^t  the 
telescope  before  taking  second  observation?  p.  625.  9.  Why  take 
the  two  observations  within  a  few  minutes?  p.  625.  10.  What  are 
errors  of  eccentricity  and  how  corrected?  11.  How  nearly 
should  azimuths  by  this  method  be  relied  on?  12.  What  is  the 
comparative  accuracy  of  two  observations  made  with  equal 
care,  one  at  8  a.m.  and  one  at  11?  13.  How  does  the  probable 
error  of  an  azimuth  obtained  by  a  single  observation  on  the  sun 
compare  with  that  of  one  from  Polaris  at  elongation?  14.  Give 
the  method  of  procedure  used  when  the  transit  has  a  prismatic 
eyepiece;  when  it  has  not. 

Questions  Concerning  the  Solution  of  the  Astronomical  Triangle 
for  Azimuth :  15.  Define  declination,  p.  621.  16.  Draw  the 
astronomical  triangle  for  the  sun  in  July  (declination  20°  north), 
for  an  observation  about  9  a.m.  in  Latitude  40°  north.  17. 
Draw  it  for  the  sun  in  December  (declination  20°  south),  for 
an  observation  about  3  p.m.  in  Latitude  25°  north.  18.  When  is 
the  declination  of  the  sun  zero?  19.  When  does  it  change  most 
rapidly  and  how  much  is  the  change  per  hour?  When  most 
slowly  and  how  much  per  hour?  p.  622.  20.  Neglecting  refrac- 
tion, how  high  is  the  s\m  in  the  sky  at  noon  on  March  22  in  Latitude 
40°  north?  21.  Is  the  time  used  in  the  solution  of  the  triangle? 
What  is  the  object  of  recording  it?  What  would  be  the  effect 
on  the  solution  of  an  error  of  five  minutes  in  the  recorder's  watch? 
22.  Explain  how  the  term  azimuih  is  understood  by  astronomers; 
by  surveyors.  23.  Compare  this  difference  with  the  difference 
between  the  beginning  of  the  astronomical  day  and  of  the  civil 
day.  24.  Is  it  necessary  to  know  the  longitude  with  accuracy? 
the  latitude?  25.  If  you  knew  neither  longitude,  latitude  nor 
time  precisely,  could  you  use  this  method  and  secure  accurate 
results? 
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Exercise  M-3.^ 
Determination  of  a  Meridian  with  Soiar  Attachment. 

References:  Appendix,  pp.  627-632. 

Equipment:  Transit  with  solar  attachment,  stakes,  ax. 

Note:  The  solar  attachment  may  be  either  Burt  (604  a)  or 
SaegmuUer  (604  b) .  In  case  the  transit  is  provided  with  anotliei 
form  it  may  be  necessary  to  consult  the  maker's  catalogue  foi 
some  suggestions  as  to  its  use.  The  principle  of  the  graphic 
solution  of  the  spherical  triangle  (see  Fig.  600)  is  common  to  all.  ^ 

Directions:  Determine  the  bearing  of  the  line  in  question  by 
setting  up  at  some  convenient  point  thereon  and  following  the 
method  of  procedure  outlined  on  pp.  630-632. 

Field  Notes:  These  should  include  latitude  of  place,  apparent 
declination  of  sun,  standard  time  of  observation  and  true  bearing 
obtained. 

Svggesiions:  Read  carefully  Arts.  600-602,  and  604,  including  the  sug- 
gestions on  p.  631.  Many  of  the  suggestions  in  Exercise  M-2  apply  to  this 
exercise  as  well.  Be  sure  to  level  up  by  the  method  of  stiggesHon  (15), 
p.  8d.  The  best  time  of  day  for  determination  of  a  meridian  by  this 
method  is  from  8.30  to  9.30  a.m.  or  2.30  to  3.30  p.m.,  as  the  sun's  appar- 
ent altitude  when  small  is  correspondingly  uncertain,  while  for  two  hours 
before  or  after  noon  its  path  is  so  slightly  inclined  to  the  horizon  as  to 
make  an  accurate  determination  by  this  method  difficult.  The  transit 
should  be  in  perfect  adjustment  throughout,  including  the  solar  attachment. 
For  adjustments  of  the  various  forms  of  solar  attachments  see  the  manufac- 
turers* catalogues.  Great  care  must  be  used  throughout,  in  the  use  of  this 
method,  not  to  disturb  or  jar  any  part  of  the  instrument  after  it  has  been 
set  in  position.  A  seemingly  insignificant  disturbance  may  render  the 
result  so  inaccurate  as  to  be  useless.  It  is  difficult  to  adjust  the  colored 
glass  without  deranging  some  part  of  the  instrument,  —  avoid  the  necessity 
for  this  where  poissible.  It  is  advisable  not  to  depend  on  a  single  determi- 
nation of  bearing  by  this  method,  —  if  possible  take  a  number  at  various 
times  during  the  day.  Note  that  the  declination  change  from  8  a.m.  to 
4  P.M.  on  a  single  day  is  about  8  minutes  of  arc  in  March  and  September^ 
but  is  nearly  zero  at  the  solstices.  Various  handbooks  issued  by  instru- 
ment makers  give,  with  sufficient  accuracy  for  the  purpose,  the  sun's 
declination  daily  throughout  the  year,  together  with  the  refraction  correc- 
tions for  various  latitudes.  For  a  representation  of  the  solar  spherical 
triangle  which  the  solar  attachment  solves  graphically,  see  Fig.  600. 

Questions:  1.  Does  the  refraction  correction  vary  with  the 
declination  only?  2.  When  is  it  greatest  and  when  least  in  Lati- 
tude 40°  north?  3.  On  what  does  it  directly  depend?  4.  Is  it 
additive  in  north  or  south  declination?  p.  631.  Why?  5.  Must 
a  similar  correction  be  applied  to  the  latitude?    6.  Draw  the 
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astronomical  triangle  for  Latitude  45°  north,  assuming  the  time 
to  be  3  P.M.  on  Nov.  5  (declination  15^°  south).  7.  What  is  the 
sun's  apparent  path  for  a  single  day,  exactly?  approximately? 
p.  628.  8.  Define  declination,  azimuth,  hour  circle.  Art.  600. 
9.  How  does  the  local  time  enter  into  the  problem?  latitude? 
longitude?  10.  Which  must  be  known  most  accurately,  and 
how  large  an  error  is  permissible  in  each?  11.  What  will  be  the 
angle  between  the  vertical  planes  of  the  two  telescopes  (Sa^mul- 
ler)  or  of  the  solar  attachment  and  the  telescope  (Burt)  at  the  close 
of  the  operation?  12.  How  may  it  be  measured  in  each  case  and 
what  does  it  represent?  13.  Article  604  (b)  (2)  mentions  an 
index  error  in  the  vertical  circle.  How  would  this  error  affect 
the  setting  off  of  the  declination?  14.  Is  the  solar  attachment 
applicable  for  use  with  a  star?  15.  What  are  the  principal 
differences  between  the  Burt  and  the  SaegmuUer  solar  attach- 
ments? p.  631.  16.  Which  would  you  prefer  on  a  partly  cloudy 
day?  17.  Which  is  most  accurate?  18.  What  are  the  advan- 
tages and  disadvantages  of  the  solar  attachment  method  as 
compared  with  that  of  single  solar  altitudes?  Compare  their 
accuracy.  19.  What  should  be  the  limit  of  error  of  the  solar? 
How  does  either  solar  method  compare  with  the  Polaris  method? 

20.  Plot  the  curve  of  declination  of  the  sun  for  all  or  half  the  year. 

21.  What  is  the  cause  of  the  change?  22.  Does  it  go  through  a 
complete  cycle  in  a  year  of  365  days?  23.  What  other  forms  of 
solar  attachments  are  in  use  beside  the  Burt  and  Saegmuller, 
and  what  are  their  distinctive  features? 

Note:  If  desired  an  exercise  may  be  given  in  determining  latitude  by  any 
one  of  the  three  methods  explained  on  pages  632-633. 


GROUP  I. 

A  STUDY  OF  SURVEYING  INSTRUMENTS. 

The  exercises  in  this  group  are  intended  for  class-room  discussions  of 
the  primary  parts  of  surveying  instruments  and  of  each  instrument  as  a 
whole.  For  the  reasons  given  on  page  537  it  is  well  to  postpone  most  of  these 
discussions  until  after  the  student  has  become  somewhat  accustomed  to  the 
use  of  instruments.  The  discussion  of  any  instrument  will  of  course  be  of 
much  greater  value  if  one  or  more  types  of  that  instrument  can  be  examined 
by  the  students  during  the  discussion.  Often  it  will  be  found  desirable 
to  take  an  instrument  apart  in  order  to  show  portions  which  are  otherwise 
invisible. 

Exercise  I-l. 

T 

The  Vernier,  the  Magnetic  Needle  and  the  Level  Bubble. 

References:  Pages  538-545,  §§  565,  566  and  567. 

Qitestions:  1.  Who  invented  the  vernier?  p.  538.  2.  Of  what 
does  a  vernier  consist?  3.  What  is  meant  by  the  *'  least  count  "? 
Illustrate  by  a  sketch,  or  by  constructing  a  rough  vernier  and 
scale  of  paper  or  cardboard.  4.  What  mark  on  a  vernier  usually 
serves  as  an  indicator?  p.  539.  5.  What  two  steps  are  involved 
in  any  reading  made  by  the  aid  of  a  vernier?  6.  What  is  the  sole 
use  made  of  the  vernier?  Remark,  p.  539.  7.  Illustrate  the 
method  of  reading  a  vernier  either  by  a  sketch  or  by  means  of  a 
rough  vernier  such  as  that  referred  to  in  the  second  question. 
8.  What  is  the  difference  between  a  direct  and  a  retrograde 
vernier?  p.  540.  Which  form  is  the  most  common?  When  are 
retrograde  verniers  used  and  how  are  they  read?  9.  Give  a 
general  rule  for  determining  the  least  count  of  a  vernier;  give  a 
simpler  rule.  10.  By  means  of  the  figures  on  page  230  explain 
how  to  read  a  vernier  on  a  leveling  rod  target,  and  point  out  the 
*' danger  points"  where  mistakes  are  likely  to  occur.  11.  By 
means  of  the  figures  on  pages  78  to  82  explain  how  to  read 
verniers  on  transits  and  point  out  the  ''  danger  points."  12. 
Describe  special  forms  of  verniers  such  as  a  "  folded  "  vernier,  p.  83. 

Qy£stions  on  the  Magnetic  Needle:  See  Questions  under  Exercise 
Co-2,  page  70  of  this  book. 

Questions  on  the  Level  Bubble:  See  Questions  under  Exercise  L-l 
and  L-5,  pages  51  and  54  of  this  book. 
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Exercise  1-2. 
Theory  of  Lenses. 

Reference:  Page  545,  §  568. 

Questions:  1.  What  three  forms  of  lenses  are  used  most  ir 
telescopes?  p.  545.  Are  they  used  singly  or  in  combination: 
p.  546.  2.  Of  what  shape  is  each  surface  of  a  double  convey 
lens?  3.  Define  optical  center;  principal  focus;  principal  axii 
and  focal  length,  and  illustrate  by  means  of  a  sketch.  4.  Upon 
what  does  the  focal  length  depend?  If  the  focal  length  does  not 
depend  upon  the  size  of  the  lens,  why  is  it  usually  greater  for  a 
large  lens  than  for  a  small  one?  5.  Give  the  general  proposition 
concerning  a  cone  of  rays  emanating  from  a  principal  focus,  and 
illustrate  by  a  sketch.  6.  How  does  this  proposition  apply 
to  rays  from  the  sun?  p.  547.  7.  Give  the  general  proposition 
concerning  a  cone  of  rays  emanating  from  any  point  beyond  the 
principal  focus.  8.  Define  conjugate  foci;  secondary  axis.  9. 
From  a  principle  of  optics  state  the  relation  between  the  two 
distances  from  a  lens  to  conjugate  foci  and  the  focal  length  of  that 
lens.  10.  Give  the  general  proposition  concerning  a  cone  oi 
rays  emanating  from  any  point  at  a  distance  from  the  lens  less 
than  the  focal  length,  p.  548.  11.  Define  virtual  con  jugate  focus. 
12.  How  are  images  formed  by  a  lens?  13.  When  is  an  image 
real  and  inverted  and  when  virtual  and  erect?  14.  What  is  the 
fundamental  principle  of  the  magnifying  glass?  15  When  is 
no  image  formed?  16.  What  is  the  fundamental  principle  upon 
which  the  object  glass  of  a  telescope  is  constructed?  17.  How  far 
from  the  lens  of  a  camera  should  an  object  be  placed  to  be  photo- 
graphed exact  size?  (Prove  by  equation  (1),  p.  547.)  How  far 
from  the  lens  must  the  object  be  if  the  photograph  is  smaUer 
than  the  object?  Larger  than  the  object?  18.  To  what  is 
spherical  aberration  due?  p.  549.  To  what  is  chromatic  aberra- 
tion due?  19.  How  can  spherical  aberration  be  corrected?  How 
can  chromatic  aberration  be  corrected?  20.  What  is  an  achro- 
matic lens? 
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Exercise  1-3. 

The  Telescope. 

Reference:  Page  549,  §  569. 

Questions:  1.  What  is  the  function  of  the  object  glass  of  a 
telescope?  p.  549.  Of  the  eyepiece?  2.  What  is  the  difference 
between  an  inverting  and  a  non-inverting  telescope?  Where 
does  this  difference  lie?  3.  Explain  the  construction  of  an 
eyepiece.  How  may  it  be  centered?  4.  Explain  the  construc- 
tion of  the  objective.  How  is  it  moved  in  or  out  for  focusing? 
5.  Explain  the  construction  of  thie  cross-hair  ring,  and  method 
of  attaching  cross-hairs.  6.  How  may  the  reticle  be  drawn  to 
one  side  or  the  other  of  the  telescope  tube?  Why  are  the  holes 
for  the  capstan  screws  left  unthreaded?  Why  is  it  necessary  to 
loosen  one  capstan  screw  before  tightening  the  opposite  screw? 
How  may  the  whole  ring  be  turned  slightly?  When  Ls  it  neces- 
sary to  turn  it?  7.  By  means  of  a  sketch,  illustrate  the  theory 
of  lenses  applied  to  a  non-erecting  telescope,  making  clear  what 
general  proposition  applies  to  the  objective  and  what  to  the  eye- 
piece,  p.  550,  §  569  (b).  Explain  the  reason  for  the  rule  for 
focusing.  8.  By  means  of  a  sketch,  explain  the  difference 
between  an  erecting  and  a  non-erecting  eyepiece.  9.  Compare 
these  two  types  of  eyepieces,  giving  the  advantages  and  dV 
advantages  of  each.  Remark j  p.  553.  10.  Name  two  speci^*l 
forms  of  telescopes.  Note,  p.  553.  1 1 .  What  can  you  say  regard- 
ing the  terms  "  line  of  collimation  "  and  "  line  of  sight  "?  12. 
Explain  three  defects  which  are  inherent  but  should  be  corrected 
in  telescopes.  13.  Upon  what  does  good  "  definition  "  depend? 
14.  What  is  **  illumination  "  and  upon  what  does  it  depend?  ' 
What  is  the  relation  between  illumination  and  magnifying 
power?  15.  How  does  the  "  size  of  field "  vary?  16.  Upon 
what  does  "  magnification "  depend?  Explain  the  relation 
between  magnifying  power  and  the  size  of  the  aperture;  the 
relation  between  magnifying  power  and  the  level-bubble  or  the 
vernier.  17.  Compare  hi^h  power  and  low  power  telescopes, 
giving  the  advantages  and  disadvantages  of  each.  p.  555.  18. 
For  a  given  length  of  telescope  why  can  the  power  be  increased 
by  using  a  non-erecting  instead  of  an  erecting  eyepiece?  19. 
For  a  given  power  how  is  the  height  of  standards  affected  by  the 
use  of  a  non-inverting  eyepiece,  and  why  is  this  an  adva.w^aj^'l 
20.  How  can  a  high  and  low  power  be  obtamftd  m  \}tv^  ^-axs^a 
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telescope,  and  what  are  the  advantages  of  such  a  telescope? 
Remark,  p.  555.  21.  What  is  "  parallax,"  and  how  may  it  be 
eliminated?  22.  Describe  the  tests  for  flatness  of  field,  p.  556; 
for  definition;  for  size  of  field;  for  size  of  aperture;  for  magnifying 
power.  (These  tests  should  be  made  by  each  student  if  circum- 
stances permit.)  23.  Summarize  the  principal  points  to  be 
remembered  in  connection  with  the  telescope  as  regards  the 
objective,  the  eyepiece,  the  magnifying  power,  parallax,  size  of 
aperture,  flatness  of  field  and  inherent  defects. 

Exercise  1-4.  / 
Chains  and  Tapes. 

Reference:  Page  559,  §  570. 

Questions:  See  page  6  of  this  book,  questions  12,  14,  15  and  16, 
and  page  9,  questions  1,  4,  5  and  6.  1.  Describe  how  a  standard 
may  be  established  for  use  in  ordinary  surveying,  p.  562.  2. 
Describe  a  method  for  testing  the  length  of  a  tape.  p.  562. 

Exercise  1-5. 
Tlie  Transit. 

Reference:  Page  563,  §  571. 

Questions:  1 .  What  are  the  three  principal  parts  of  a  transit? 
p.  563.  2.  Explain  how  either  the  upper  or  lower  plate  can  be 
revolved  without  turning  the  other,  or  how  both  can  be  revolved 
together.  3.  Explain  the  construction  of  the  inner  and  outer 
spindles.  4.  Explain  the  workings  of  the  different  parts  of  a 
transit  when  a  horizontal  angle  is  measured.  5.  What  are  the 
common  methods  of  numbering  the  graduations  on  the  limb? 
p.  67.  6.  Explain  how  the  various  set-screws  and  tangent- 
screws  work.  p.  564.  7.  If  a  transit  is  in  perfect  adjustment  and 
is  properly  set  up,  why  is  it  impossible  to  measure  with  it  any 
angle  which  is  not  a  horizontal  or  a  vertical  angle?  Remark,  p.  566. 
8.  What  are  some  of  the  special  attachments  for  the  transit  and 
their  uses?  9.  Name  some  of  the  most  important  requirements 
for  transits  as  regards  the  spindles,  p.  567;  the  limb  graduations; 
opposite  verniers;  provision  for  reading  vernier  accurately; 
relation  between  magniiymg  po'wex  ol  \.^VsR.Q^e  and  least  count 
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of  vernier;  l^etween  magnifying  power  and  sensitiveness  of  level- 
bubble;  clamps  and  screws;  tripod.  10.  Name  five  additional 
requirements  which  may  be  met  by  adjustments,  p.  668.  11. 
Give  the  test  for  eccentricity. 

Exercise  1-6. 

The  Level. 

Reference:  Page  569,  §  572. 

Questions:  1.  What  are  the  most  essential  qualities  in  tele- 
scopes for  levels?  p.  569.  2.  What  is  the  lower  limit  for  magnify- 
ing jxjwer?  3.  Why  can  the  magnifying  power  of  a  telescope 
for  a  level  be  greater  than  that  for  a  transit  telescope  and  still  be 
consistent  with  the  sensitiveness  of  the  level  bubble?  4.  Why  is 
the  upper  limit  for  magnifying  power  placed  at  from  36  to  40 
diameters  on  ordinary  levels?  5.  What  are  the  ordinary  limits 
for  sensitiveness?  6.  Upon  what  does  stability  depend?  7.  What 
are  the  two  distinguishing  characteristics  of  a  wye-level?  What  is 
the  object  of  this  construction?  8.  Explain  the  construction 
of  a  dumpy  level.  What  are  its  advantages  and  disadvantages? 
9.  Name  some  special  forms  of  levels.  10.  Describe  some  forms 
of  home-made  levels.  Note,  p.  571.  11.  Describe  some  of  the 
tests  for  the  level  not  made  in  the  ordinary  adjustments. 

Exercise  1-7. 
Leveling-rods  and  Stadia  Rods. 

References:  Pages  571  to  575,  §§  573  and  574. 

Questions  on  Leveling-Rods:  1 .  What  is  the  difference  between 
a  target  rod  and  a  self-reading  or  speaking  rod?  p.  571.  2.  Which 
is  the  better  for  ordinary  leveling?  3.  What  is  the  difference 
between  a  New  York  rod  and  a  Philadelphia  rod?  4.  What 
two  common  types  of  target  are  most  used?  p.  572.  5.  What 
is  the  difference  between  a  target  with  a  scale  and  one  with  a 
vernier?  pp.  228-230.  6.  What  is  an  angle  target?  How  does 
it  help  in  "  plumbing  "  the  rod?  7.  Describe  some  special  forms 
of  leveling-rods.  8.  Describe  an  auiomaiic  leveling-rod.  9. 
Describe  a  plumbing-level,  p.  573.  10.  What  two  tests  should  a 
good  leveling-rod  meet?  p.  232. 
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Questions  on  Stadia  Rods:  11.  Describe  the  target  stadia  rod. 
p.  573.  Is  it  often  used  in  practice?  12.  Give  some  of  the 
requirements  which  should  be  met  by  a  good  stadia  rod.  Com- 
pare the  forms  shown  on  page  574,  giving  the  advantages  and  disr 
advantages  of  each.  13.  Give  some  suggestions  for  making 
stadia  rods.  p.  574, 

Exercise  1-8. 
The  Compass,  the  Plane  Table  and  the  Sextant. 

References:  Page  575,  §  575. 

Questions  on  the  Compass:  See  page  70  of  this  book,  Questions 
(3  to  21. 

Questions  on  the  Plane  Table:  See  page  79  of  this  book,  Qu£stion9 
1  to  4. 

Questions  on  the  Sextant:  1 .  What  is  the  distinguishing  charac- 
teristic of  the  sextant?  p.  577.  2.  What  advantage  lias  it  over 
other  instruments  used  for  measuring  angles?  p.  578.  3.  In 
what  kinds  of  work  is  the  sextant  most  used?  4.  Explain  the 
method  of  using  the  sextant  in  measuring  horizontal  angles. 
5.  Give  some  practical  suggestions  for  the  use  of  the  sextant, 
p.  579.  6.  How  are  vertical  angles  measured?  7.  By  means 
of  a  diagram,  explain  the  theory  of  the  sextant,  p.  579. 

Note:  In  conneption  with  this  exercise  practice  should  be  ^ven  in  measur- 
ing both  horizontal  and  vertical  angles  with  the  sextant.  Problems  similar 
to  that  on  page  137,  §  197,  may  be  assigned  by  the  instructor. 

Exercise  1-9. 
The  Care  of  Instruments. 

Reference:  Chapter  XL VI I,  p.  607. 

Qu£stions:  1.  What  are  some  of  the  things  to  avoid  in  using 
instruments?  p.  607.  2.  What  are  some  of  the  precautions  which 
should  be  taken?  p.  608.  3.  Give  suggestions  for  the  care  of 
steel  tapes,  p.  609.  4.  Give  suggestions  for  riveting  a  tape. 
5.  Give  suggestions  for  soldering  a  broken  tape.  p.  610.  6.  Give 
suggestions  for  emergency  repairs  to  a  tape  by  a  splice,  p.  611; 
by  rough  riveting.  7.  What  kind  of  lubricants  are  used  for 
justruments?    Which  \s  IW.  b^st?    8.  How   may   screws  End 
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Bcrew-holes  be  cleaned?  p.  612.  9.  How  may  graduated  arcs  be 
cleaned?  10.  How  may  bubble  tubes  be  replaced?  p.  613.  11. 
Give  suggestions  for  the  care  of  lenses,  p.  614;  of  focusing  slides. 
12.  Explain  in  detail  the  method  of  replacing  broken  cross-hairs, 
p.  616.  13.  How  may  dust  be  removed  from  cross-hairs?  14. 
Give  suggestions  for  the  care  of  tripods.  15.  Give  suggestions 
for  the  care  of  centers,  spindles  and  centers. 

Note:  It  is  well  to  give  the  student  an  opportunity  to  make  some  of  the 
repairs  suggested  by  the  above  questions.  E^specially  should  he  have  an 
opportunity  to  replace  cross-hairs  and  to  mend  a  broken  tape. 


GROUP  A. 

ADJUSTMENTS. 

The  exercises  in  this  group  afford  practice  in  the  adjustments  of  all  of  the 
surveying  instruments  in  common  use.  As  pointed  out  in  the  introductory 
note  to  Chapter  XL VI,  page  581,  the  student  should  understand  clearly  the. 
reason  for  each  step  of  an  adjustment,  otherwise  the  exercises  will  be  of 
little  value. 

General  Directions  for  Exercises  A-1  to  A-7. 

Each  student  should  work  at  each  adjustment  until  it  is  satis- 
factorily complete4.  It  is  suggested  *that  in  large  classes  men 
working  on  the  same  adjustment  should  be  under  the  close  super- 
vision of  an  instructor,  and  that  a  general  discussion  of  each  ad- 
justment of  an  instrument  be  held  before  beginning  the  next 
adjustment  of  that  instrument.  When  there  are  a  number  of 
adjustments,  as  in  the  case  of  the  transit,  this  breaking  of  the  con- 
tinuity of  the  work  may  give  to  students  the  false  impression  that 
the  process  is  a  long  and  difficult  one.  For  this  reason  when  all 
of  the  adjustments  of  an  instrument  have  been  completed  by  the 
students,  it  is  well  for  the  instructor  to  adjust  the  same  instru- 
ment as  rapidly  as  possible  in  the  presence  of  the  entire  squad, 
emphasizing  the  logical  order  of  the  adjustments  and  showing 
how  one  may  affect  another. 

It  is  presupposed  that  the  discussions  in  Group  I,  pages  95-101, 
have  been  held  before  beginning  adjustments,  and  that  a  thorough 
study  of  the  different  parts  of  instruments  has  been  made.  Of 
special  importance  are  the  questions  on  the  construction  of  the 
telescope  and  the  control  of  the  cross-hair  ring  in  Exercise  7-3, 
p.  97  of  this  l)ook;  also  questions  on  the  construction  of  the  transit 
and  of  the  level,  Exercises  1-5  and  7-6. 

Exercise  A-1. 

Preliminary  Discussion  of  Adjustments. 

References:  Pages  581  to  583. 

Questions:  1.  Why  are  certain  of  the  parts  of  an  instrument 
made  adjustable?  p.  581.  2.  Can  accurate  work  be  done  with  an 
instrument  out  of  adjustment?  Can  all  errors  be  eliminated 
without  adjusting  the  matTument?    3.  How  long  may  a  good 

1'^ 


ADJUSTMENTS   OF   INSTRUMENTS.  108 

instrument  stay  in  adjustment?     How  often  should  it  be  tested? 

4.  What  are  the  two  steps  in  each  adjustment  of  any  instrument? 

5.  What  precaution  should  be  taken  to  avoid  wear  on  holes  in 
capstan  screws  and  nuts?  p.  582.  6.  Should  each  adjustment  be 
perfected  before  beginning  the  next?  What  should  be  the  final 
step?  7.  In  making  any  one  adjustment  how  many  times 
should  the  test  and  correction  be  repeated?  How  may  time  be 
saved?  8.  What  precautions  may  be  taken  to  cause  an  instru- 
ment to  "  hold  "  its  adjustments?  9.  Give  suggestions  for 
working  the  capstan  screws  of  a  cross-hair  ring.  10.  Which 
cross-hair  should  be  adjusted  first.  11.  Define  line  of  sight;  line 
of  collimation.  12.  If  after  adjustment  the  intersection  of  the 
cross-hairs  appears  to  be  out  of  the  center  of  the  field  of  vision 
what  is  generally  the  trouble?  13.  How  is  parallax  eliminated? 
p.  555.  14.  Why  is  it  well  to  set  up  an  instrument  in  the  shade 
during  adjustments?  15.  By  means  of  a  sketch,  explain  with  care 
the  method  of  reversion.  16.  Show  how  this  principle  is  involved 
in  the  adjustment  of  a  hon\e-made  A-level  explained  in  the  note 
on  pa^e  571. 

Note:  Since  the  method  of  reversion  is  the  basis  of  every  adjustment,  it 
should  be  discussed  carefully  anil  understood  thoroughly  before  any  attempt 
is  made  to  adjust  an  instrument. 

Exercise  A-3. 
Adjustments  of  the  Transit. 

Reference:  Pages  581-59L 

Equipment :  Transit,  steel  tape,  leveling -rod,  sight  pole,  adjust- 
ing-pins, ax  and  stakes. 

Directions:  1.  Set  up  the  transit,  selecting  if  possible  a  level 
place  where  300-ft.  sights  backward  and  forward  in  a  straight  line 
may  be  taken,  and  where  the  telescope  can  be  directed  to  some 
well-defined  high  point.  2.  Perform,  in  turn,  each  of  the  five 
principal  adjustments  of  the  transit  by  the  methods  explained  on 
pages  581-591,  paying  particular  attention  to  the  reason  for  each 
step.     (See  also  General  Directions  on  page  102  of  this  book.) 

General  Questions  on  the  Adjustment  of  a  Transit:  1.  What  are 
the  five  principal  lines  of  a  transit?  p.  584.  (Illustrate  with  a 
transit.)  2.  Is  it  as  important  that  the  plate  levels  should  be  in 
perfect  adjustment  when  using  the  transit  in  level  country  ^aa. 
when  using  it  in  hilly  country?     3.  When  \s  Vt.  '\TXY^QT\»^\iX.  \X\aJv»^Xss* 
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line  of  sight  sHould  move  in  a  vertical  plane  (second  and  third 
adjustments)?  4.  What  kind  of  work  requires  that  the  tde- 
scope  level  should  be  in  adjustment?  5.  Why  is  it  not  essential 
in  measuring  vertical  angles  that  the  vertical  circle  should  be  in 
adjustment?     Caution,  p.  98. 

Questions  on  the  Adjustment  of  the  Plate  Levels:  (To  be  discussed 
before  the  second  adjustment  is  begun.)  6.  What  is  the  object 
of  this  adjustment?  p.  584.  7.  Describe  the  test.  p.  585.  8. 
Explain  the  method  of  correction  and  state  the  principle  involved. 
9.  When  the  final  test  is  satisfactory  how  can  non-parallelism  in 
the  axes  of  the  inner  and  outer  spindle  be  detected?  Suggestions, 
p.  585.  10.  Why  is  it  best  to  adjust  the  plate  levels  with  the 
lower  plate  clamped  and  the  upper  plate  undamped?  11.  How 
can  you  tell  in  which  direction  to  turn  a  capstan  screw?  p.  586. 

Questions  on  the  Adjustment  of  the  Cross-hairs:  (To  be  discussed 
before  the  third  adjustment  is  begun.)  12.  Why  is  the  hori- 
zontal hair  adjusted  first?  p.  582?  (7).  13.  What  preliminary 
step  may  be  taken?  Note,  p.  586.  14.  What  kind  of  work  is 
affected  by  the  adjustment  of  the  horizontal  hair?  15.  What  is 
the  object  in  the  adjustment  of  the  horizontal  hair?  16.  The 
test?  17.  Method  of  correction?  18.  Is  it  necessary  that  the 
telescope  should  be  horizontal  during  the  adjustment  of  the  hori- 
zontal hair?  19.  Why  should  one  point  sighted  at  be  near  the 
transit,  the  other  far  away?  20.  Give  practfcal  suggestions 
for  the  adjustment  of  the  horizontal  hair.  p.  587.  21.  When 
the  horizontal  hair  is  moved  up  or  down  is  the  vertical  hair 
moved?  Xote,  p.  550.  22.  Suppose  that  in  a  telescope  in 
which  the  eyepiece  is  erecting  the  horizontal  hair  should  appar- 
ently be  moved  downward,  which  capstan  screw  is  loosened 
and  which  tightened?  p.  687.  23.  What  kind  of  work  is  affected 
by  the  adjustment  of  the  vertical  hair?  p.  586.  24.  What  is 
the  object  in  the  adjustment  of  the  vertical  hair?  p.  587.  25.  The 
test?  26.  The  method  of  correction?  27.  Why  measure  only 
one  quarter  of  the  distance  between  the  two  points?  (Explain 
by  diagram.)  28.  Suppose  the  vertical  hair  is  apparently  to 
the  right  of  the  third  point,  which  screw  should  be  loosened  and 
which  tightened  if  the  eyepiece  is  erecting?  p.  589,  (6).  29.  Give 
some  practical  suggestions  for  adjusting  the  vertical  cross-hair. 
30.  Suppose  that  after  the  cross-hairs  have  been  adjusted  the 
eyepiece  ia  taken  out  or  d\st\irbed  in  any  way,  would  this  affect 
<      adjustment  of  the  haira?  p.  ^^^. 
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Questions  on  the  Adjustment  of  the  Standards:  31.  What  kind 
of  transit  work  is  affected  by  this  adjustment?  p.  584.  32.  What 
is  the  object  of  this  adjustment?  p.  589.  33.  The  test?  34. 
Method  of  correction?  35.  Principle  involved?  36.  If  the  second 
point  obtained  in  the  test  falls  to  the  right  of  the  first,  which  end 
of  the  supporting  axis  is  the  higher?  37.  Give  some  practical 
suggestions  for  adjusting  the  standards,  p.  591. 

Questions  on  the  Adjustment  of  the  Telescope  Level:  38.  What 
is  the  object  of 'this  adjustment?  p.  591.  39.  When  is  it  neces- 
sary  to  pay  particular  attention  to  this  adjustment?  p.  591. 
40.  What  other  instrument  is  always  adjusted  by  the  "peg 
method"?  p.  601,  I.  41.  Explain  by  means  of  a  diagram  the 
test  and  the  method  of  correction.  (See  also  questions  in  connec- 
tion with  "peg"  adjustment,  p.  107  of  this  book.) 

Questions  on  the  Adjustment  of  the  Vertical  Circle:  42.  What 
is  the  object  of  this  adjustment?  p.  591.  43.  The  test?  44. 
Method  of  correction? 

Questions  on  Centering  the  Eyepiece  and  the  Object-glass  Slide: 
45.  If  the  intersection  of  the  cross-hairs  is  obviously  out  of  the 
center  of  the  field  of  view  does  this  necessarily  indicate  that 
the'instrument  is  out  of  adjustment?  p.  601.  Does  it  affect  the 
accuracy  of  the  work?  46.  Explain  how  to  center  the  eyepiece. 
47.  How  do  the  screws  which  move  the  centering  ring  differ  in 
different  instruments?  p.  602.  48.  Why  does  not  the  center- 
ing of  the  eyepiece  affect  other  adjustments?  49.  Why  is  no 
provision  made  for  centering  a  non-erecting  eyepiece?  50.  What 
can  you  say  regarding  the  centering  of  the  object-glass  slide? 
Explain  the  method. 

Note:  It  is  well  to  give  the  student  an  opportunity  to  actually  center  an 
eyepiece,  either  in  connection  with  this  exercise  or  during  the  adjustment 
of  the  level. 

Exercise  A-3. 
Adjustments  of  the  Wye-Level. 

Reference:  Pages  592-600. 

Equipment:  Level,  one  or  preferably  two  leveling-rods,  steel 
tape,  adjusting-pins,  ax  and  stakes. 

Directions:  1.  Set  up  the  level  in  a  shady  place  where  a 
300-ft.  sight  may  be  taken  over  approximately  level  ground. 
2.  Perform  in  turn  each  of  the  three  principal  ad\\is>\7ayeo^'&  <^ 
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a  wye-level  by  the  methods  explained  on  pages  592  to  600. 
(See  also  General  Directions  on  page  102  of  this  book.)  3.  AH 
three  adjustments  having  been  completed  apply  the  "peg 
method"  test. 

General  Questions  on  the  Adjustment  of  a  Wye-Level:  1.  What 
are  the  seven  principal  lines  of  a  wye-leyel?  p.  592.  (Illustrate 
with  a  level.)  2.  What  i^  the  object  of  the  principal  adjust- 
ments? 3.  How  is  the  line  of  sight  made  to  coincide  with  the 
axis  of  the  collars?  4.  How  is  the  axis  of  the  bubble  made 
parallel  to  the  axis  of  the  level-bar?  p.  593. 

Questions  on  the- Adjustment  of  the  Cross-hairs:  (To  be  discussed 
before  the  second  adjustment  is  begun.)  5.  What  is  the  object 
of  this  adjustment?  6.  Describe  the  test.  7.  Explain  the 
method  of  correction  and  state  the  principle  involved.  8.  Is 
it  necessary  to  level  up  for  this  adjustment?  Suggestions,  p.  594. 
9.  Give  suggestions  for  working  the  capstan  screws.  10.  If 
there  are  two  sets  of  capstan  screws  which  set  is  used?  11.  How 
may  the  horizontal  hair  be  tested  to  ascertain  if  it  is  truly  hori- 
zontal? If  it  is  not,  how  is  the  correction  made?  12.  What 
defects  in  construction  may  be  revealed  by  focusing  on  a  point 
near  the  instrument  and  repeating  the  test? 

Questions  on  the  Adjustment  of  the  Bubble  Tube:  (To  be  dis- 
cussed before  the  third  adjustment  is  begun.)  13.  What  is  the 
object  of  the  first  step?  p.  594.  14.  Describe  the  test.  15. 
Explain  the  method  of  correction  and  the  principle  involved. 
16.  Is  this  first  step  an  important  one?  Practical  suggestions, 
p.  595.  17.  If  the  tube  is  conical  how  will  the  bubble  move 
during  the  test?  Can  this  be  remedied?  18.  Why  put  on  the 
sunshade?  19.  What  is  the  object  of  the  second  step  in  the 
adjustment  of  the  bubble  tube?  p.  595.     20.  Describe  the  test. 

21.  Explain  the  method  of  correction  and  the  principle  involved. 

22.  What  precaution  should  be  taken  in  turning  the  telescope 
end  for  end?  Practical  suggestions,  p.  596.  23.  Give  sugges- 
tions for  working  capstan  nuts.  24.  Could  this  adjustment  be 
made  independent  of  the  wyes?  25.  Explain  under  what  condi- 
tions this  method  of  adjustment  fails. 

Qiiestions  on  the  Adjwitment  of  the  Wyes:    26.    What  is  the 
object   of   this   adjustment?     27.    Describe   the   test.     28.   Ex- 
plain the  method  of  correction  and  the  principle  involved.     29. 
Explain  why  undue  importance  is  often  attached  to  this  adjust* 
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ment.  Practical  siuggestions^  p.  597.  30.  Why  is  it  well  to 
make  alternate  tests  over  different  pairs  of  leveling  screws? 
31.  Give  suggestions  for  working  capstan  nuts.  32.  When 
unable  to  perfect  the  adjustment  where  should  one  look  for  the 
trouble?  33.  Why  should  the  "peg-method"  test  be  made? 
Remark,  p.  597.     When  may  this  test  be  omitted? 

Note:  For  questions  on   the  "peg  adjustment"  see  the  next  exercise. 
See  p.  105  of  this  book  for  questions  on  centering  the  eyepiece. 

Exercise  A-4. 
Adjustments  of  the  Dumpy  Level. 

References:  Pages  597  to  601. 

Equipment:  Dumpy  level,  two  leveling-rods,  steel  tape,  ad- 
justing-pins, ax  and  stakes. 

Directions:  1.  Set  up  the  level  in  a  shady  place  where  2CK)-ft. 
sights  may  be  taken  in  opposite  directions  over  approximately 
level  ground.  2.  Perform  in  turn  each  of  the  two  adjustments, 
using  the  first  "peg  method"  for  the  first  adjustment.  3.  When 
the  adjustments  have  been  completed  apply  the  second  "peg 
method. "     (See  also  Practical  suggestions,  p.  599.) 

Questions  on  the  ''Peg  Adjustment:"  (To  be  discussed  either 
just  before  or  just  after  the  first  adjustment  of  the  dumpy 
level.)  1.  What  is  the  object  of  this  adjustment?  p.  597. 
2.  By  means  of  a  figure,  explain  the  test  used  in  the  first  "peg 
method,"  and  derive  an  expression  for  the  error,  p.  598.  3. 
What  two  methods  of  correction  are  there?  Explain  the  first 
method;  the  second.  4.  If  the  line  of  sight  is  inclined  down- 
ward is  the  error  added  or  subtracted?  Practical  suggestions, 
p.  599.  5.  Give  suggestions  for  choosing  positions  of  pegs. 
6.  Why  should  more  than  one  pair  of  readings  be  taken  at  the 
first  set-up?  7.  After  the  final  adjustment  of  the  target  why 
should  the  rod  be  held  at  the  stake  nearer  the  level?  8.  Whai; 
defects  of  a  wye-level  may  be  disclosed  by  the  "peg-method" 
test?  How  may  they  be  remedied?  9.  In  applying  the  peg 
adjustment  to  a  transit  or  a  wye-level  is  it  better  to  adjust  the 
cross-hairs  or  the  bubble  tube?  10.  By  means  of  a  figure, 
explain  the  test  for  the  second  "peg  method."  p.  600.  11. 
Explain  the  method  of  correction  and  the  principle  involved. 
12.    Explain  a  modified  method  of  the  peg  ^d\\3a\i«veii\..  \i-  ^^«5K^ 


108         ,  ADJUSTMENTS   OF   INSTRUMENTS. 

Questions  on  the  AdjiLsUnents  of  the  Dumpy  Level.  13.  What 
are  the  principal  lines  of  the  dumpy  level?  p.  600.  14.  What 
is  the  object  of  the  first  adjustment?  p.  601.  15.  What  is  the 
test  and  correction?  16.  As  a  rule  is  it  better  to  adjust  the 
cross-hairs  or  the  bubble  tube?  Why?  17.  Why  do  some 
engineers  prefer  a  dumpy  level  with  a  non-adjustable  bubble 
tube?  18.  What  is  the  object  of  the  second  adjustment? 
19.  What  is  the  test  and  correction?  20.  Explain  how  to 
adjust  a  dumpy  level  on  which  no  provision  has  been  made  for 
raising  or  lowering  the  standards. 

Note:  See  p.  105  of  this  book  for  questions  on  centering  the  eyepiece. 

Exercise  A-5. 

Adjustments  of  the  Compass. 

Reference:  Pages  602-603. 

Equipment:  Compass,  adjusting-pins,  plumb-bob  and  string, 
fine  file,  pliers  or  small  brass  wrench. 

Directions:  Make  the  tests  for  each  of  the  four  adjustments 
of  the  compass.  For  obvious  reasons  it  will  usually  be  imprac- 
ticable in  class  work  to  make  the  corrections  in  the  last  three 
adjustments. 

Questions:  1.  What  is  the  object  in  the  adjustment  of  the 
levels?  p.  602.  Give  the  test  and  the  method  of  correction. 
2.  What  is  the  object  in  the  adjustment  of  the  sights?  Explain 
iie  test  and  method  of  correction.  3.  What  is  the  object  in 
the  adjustment  of  the  needle?  p.  603.  Explain  the  test  and  the 
method  of  correction.  Give  some  practical  suggestions  for  this 
adjustment.  4.  What  is  the  object  in  the  adjustment  of  the 
pivot  point?  Explain  the  test  and  the  method  of  correction. 
5.  Explain  other  tests  for  the  compass,  p.  576.  6.  How  may 
the  needle  be  balanced?  p.  612;  how  may  it  be  remagnetized? 

• 

Exercise  A-6. 
Adjustments  of  the  Plane  Table. 

Reference:  Pages  603-604. 

Equipment:  Plane  table  and  accessories,  adjusting-pins,  level- 
ii^-rod,  steel  tape,  ax  and  atakea. 
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Directions:  Make  in  turn  each  of  the  five  adjustments  of  the 
plane  table. 

Questions:  1.  Explain  the  adjustment  of  the  levels,  p.  604. 
2.  Explain  the  adjustment  of  the  board.  3.  Explain  the 
adjustment  of  the  telescope.  4.  How  may  the  line  of  sight 
and  the  edge  of  the  ruler  be  made  to  lie  either  in  the  same  ver- 
tical plane  or  in  parallel  planes?  Is  this  essential?  Remark, 
p.  604.  s  5.  Explain  the  adjustment  of  the  telescope  level.  6. 
Explain  the  adjustment  of  the  vertical  circFe.  7.  Explain  other 
tests  for  the  plane  table,  p.  577. 

Exercise  A-7. 
'Adjustments  of  the  Sextant. 

Reference:  Pages  604-606. 

Equipment:  Sextant,  two  blocks  of  wood  or  other  objects  of 
equal  height,  screw-driver. 

Directions:  Make  in  turn  each  of  the  four  adjustments  of  the 
sextant. 

Questions:  1.  Explain  the  adjustment  of  the  index-glass, 
p.  604.  2.  Explain  the  adjustment  of  the  horizon-glass,  p.  605. 
Give  some  practical  suggestions  for  this  adjustment.  3.  E3x- 
plain  the  adjustment  of  the  telescope.  Give  suggestions.  4. 
Explain  the  method  of  determining  the  index-error,  p.  606.  Give 
suggestions. 


PART  II. 

EXERCISES   IN   OFFICE  WORK. 


Introductory. 

The  first  seven  groups  of  exercises  in  Part  II  are  problems  in 
office  computation,  while  the  remaining  exercises  are  devoted  to 
plotting  and  mapping.  In  each  of  these  two  kinds  of  work 
exercises  are  arranged  in  a  progressive  order,  but  it  is  intended 
that  problems  should  be  given  alternately,  first  in  .one  and  then 
in  the  other,  so  that  the  student  may  have  practice  both  in  com- 
puting and  in  plotting  from  the  beginning  of  the  course.  There 
is  a  decided  advantage  in  thus  carrying  on  the  two  kinds  of 
work  side  by  side. 

It  is  suggested  that  a  separate-leaf  notebook  about  8  x  10} 
inches  be  used  for  all  computations.  E^h  problem  should 
be  numbered  to  correspond  to  the  number  in  this  book,  and 
dated.  It  is  well  at  the  top  of  each  page  to  insert  a  heading 
which  will  show  at  a  glance  the  nature  of  the  problems  on  that 
page.  After  problems  have  been  checked  they  should  he  reinserted 
in  the  notebook,  carefully  arranged  in  order  for  fvture  reference. 
As  problems  in  one  exercise  frequently  involve  work  already 
done  in  a  previous  exercise,  this  arrangement  is  important. 

Throughout  the  course,  checking  computations  should  be  con- 
sidered just  as  much  a  part  of  the  work  as  making  the  compu- 
tations in  the  first  place.  (See  p.  362,  }  420.)  Much  valuable 
training  will  be  lost,  moreover,  if  the  student  does  not  constantly 
strive  to  acquire  the  systematic  methods  of  procedure  which 
help  so  much  in  avoiding  mistakes  as  well  as  in  saving  time 
(Seep.  363,  §  421.) 

All  page  references  in  Part  II  marked  with  an  asterisk  (as  for 
example,  p.  112*)  refer  to  pages  in  this  book.  All  other  page 
references  are  to  pages  in  the  author's  text-book  on  Plane  Sur- 
veying. 

Since  instructors  may  desire  to  insert  additional  problems,  the 
numbering  of  problems  is  not  continuous,  intervals  being  left  at 
the  end  of  nearly  every  set. 


GROUP  G. 

GENERAL  METHODS  OF  COMPUTATION. 

The  aim  io  this  gri>up  of  exercises  is  to  afford  practice  in  the  general 
methods  of  computation  used  in  office  work. 

Exercise  G-1. 
Short  Cuts  in  Arithmetieai  Work. 

References:  Pages  362  to  377. 

Problems:  1.  Explain  how  to  multiply  mentally  42  by  36, 
p.  364,  §  424  (a).  2.  Reduce  38  cubic  yards  to  cubic  feet 
mentally,  p.  364.  3.  Multiply  4821  by  819,  p.  364,  §  424  (b). 
4.  Divide  562981  by  72,  p.  365,  §  424  (c).  5.  Multiply  589432 
by  43416,  carrying  the  result  accurately  to  five  places,  p.  365, 
§  424  (d).  6.  Multiply  589432  by  43416,  using  the  usual  method 
of  long  multiplication,  and  check  the  result  by  casting  out 
nines,  p.  366,  §  424  (h).  7.  Divide  58.264362  by  5.2314,  carry- 
ing the  result  to  four  places  (i.e.,  two  decimal  places),  p.  366, 
§  424  (g).  8.  Divide  58.264362  by  5.2314  by  the  ordinary 
method  of  long  division  and  check  the  result  by  casting  out 
nines,  p.  367,  §  424  (i).  9.  Explain  how  to  square  mentally 
44,  55,  7i,  7},  p.  367,  §  424  (j).  10.  Find  mentally  the  square 
root  of  73  to  two  decimal  places,  p.  368,  §  424  (k).  11.  Ex- 
tract the  square  root  of  78620  by  the  approximate  method, 
p.  368,  §  424  (1).  12.  Explain  the  method  of  checking  by 
"Second  Differences,"  p.  368.  13.  Check  the  result  of  prob- 
lems 6  above  by  excess  of  ll's,  p.  369. 

Questions:  1.  Explain  by  illustrations  different  from  those 
given  in  the  book  at  teast  four  general  methods  of  checking 
computations,  p.  362.  2.  Name  some  of  the  approximate 
checks  to  be  used  in  office  work,  p.  363.  3.  Give  some  sug- 
gestions for  saving  time  in  office  work,  p.  364.  4,  What  is  the 
main  object  in  grouping  like  operations  in  addition  to  saving 
time?  p.  364,  §  423. 


Ill 
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Exercise  G-2. 
Consistent  Accuracy  in  Computations. 

Reference:  Page  369,  §  425. 

Note:  The  student  should  study  §  425  with  great  care  befcH«  workins 
the  problems.  The  importance  of  this  exercise  can  hardly  be  ovonesti- 
^  mated.  There  is  probably  no  one  thing  in  office  work  so  costly  in  time 
and  money  as  the  carrying  of  computations  t3  an  unnecessary  and  unwar- 
ranted number  of  figures.  The  student  will  be  well  repaid  for  all  the  study 
he  may  put  upon  this  subject. 

PROBLEMS. 

14.  A  lot  is  724.3  feet  by  64.6  feet.  Compute  its  area  to  as 
many  places  as  the  data  will  permit.    (See  illustration  I,  p.  373.) 

15.  Same  as  problem  14  except  the  lot  is  724.35  feet  by  64.62 
feet.     (See  illustration  II,  p.  373.) 

16.  The  radius  of  a  circle  is  2.167.  Find  the  length  of  its 
circumference  to  as  many  places  as  the  data  will  permit.  (See 
illustration  III,  p.  373.) 

17.  The  base  of  a  triangle  is  given  as  34.532  and  the  adjacent 
angle  as  27°  27'.  If  the  triangle  is  right-angled,  what  is 
the  length  of  the  perpendicular  side?  (See  illustration  IV, 
p.  373.) 

18.  Same  as  problem  17  except  the  angle  to  the  nearest  lO' 
is  27°  27'.     (See  illustration  V,  p.  373.) 

19.  Same  as  problem  17  except  that  the  base  is  given  as  34.5 
feet.     (See  illustration  VI,  p.  373.) 

20.  The  length  of  a  line  is  given  by  the  lengths  of  four  seg- 
ments as  follows:  AB  =  SbA  feet,  BC  =  3521  feet,  CD  =  21.69 
feet,  DE  =  1.432  feet.  What  is  the  total  length  of  the  line 
AE  expressed  to  as  many  places  as  the  data  warrant? 

21.  The  circumference  of  a  circle  is  given  as  21.6  feet.  Ex- 
press its  radius  to  as  many  places  as  the  above  length  of  the 
circumference  will  permit. 

22.  The  perpendicular  side  of  a  right-angled  triangle  is  given 
as  4368  feet  and  the  base  as  4800  feet.  If  the  latter  measure- 
ment was  taken  to  the  nearest  100  feet,  express  the  tangent  of 

the  angle  to  as  many  places  as  tke  data  will  permit. 
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Questions:  1.  It  is  stated  that  25  men  surveyed  a  lipe  25 
miles  long.  What  is  the  essential  difference  between  the  num- 
ber 25  as  applied  to  men  and  as  applied  to  miles?  2.  How 
many  certain  figures  in  the  first  "25";  in  the  second  "25"T 
3.  Explain  why  consistent  accuracy  is  not  gained  by  carrying 
all  numbers  to  the  same  number  of  decimal  places,  p.  370, 
§  425  (a).  4.  What  must  one  know  in  order  to  determine  how 
many  certain  figures  there  are  in  numbers  ending  with  ciphers, 
as,  for  example,  the  number  4000?  p.  370,  §  425  (b).  5.  How 
many  certain  figures  are  contained  in  the  number  0.0051, 
p.  370?  6.  Illustrate  the  effect  of  uncertain  figures  in  addition 
and  multiplication,  p.  371.  7.  Give  the  general  method  of 
multiplication,  p.  372,  §  425  (g).  8.  Give  general  suggestions 
for  retaining  and  dropping  figures  in  computations,  p.  372. 


Exercise  G-3* 

Trigonometric  Relations  Between  the  Sides  of  a  Bight- 
Angled  Triangle. 

Reference:  Page  640. 

Note:  The  trigonometric  relations  between  the  sides  of  a  right-angled 
triangle  are  most  easily  remembered  by  keeping  in  mind  the  fact  that  to 
obtain  a  side  of  a  triangle  a  trigonometric  function  is  alwaj^  multiplied 
by  the  radius  of  a  circle.  The  purpose  of  this  exercise  is  to  review  the 
trigonometric  methods  of  solving  right  triangles. 

Directions:  1.  Draw  carefully  with  drawing  instruments  a 
right-angled  triangle  ABCj  whose  base  AB  ia  8.62  inches  and 
whose  perpendicular  side  BC  is  6.24  inches  (use  the  side  of  the 
scale  divided  to  SOths  of  an  inch).  2.  Draw  the  arc  of  a  cir- 
cle, beginning  at  B  with  A  as  a  center  (radius  AB)  correspond- 
ing to  the  first  quadrant  in  trigonometry.  3.  From  this 
figure  BC  is  evidently  tangent  to  the  circle,  and  the  radius  of 
the  circle  is  AB;  hence,  AB  multiplied  by  the  tangent  of  CAB 
will  give  the  length  of  BC;  or,  what  is  the  same  thing,  BC  divided 
by  AB  (the  radius)  gives  the  tangent  of  CAB.  Likewise,  AB 
multiplied  by  the  secant  of  CAB  will  give  the  length  of  AC. 

Problem  23:  1.  Find  the  natural  tangent. of  CAB  in  the  above 
triangle  to  as  many  decimal  places  as  the  data  will  warrant. 
2.  Look  up  in  the  table  of  natural  tangents  \\i<&  Qott^s<^Tk!^isx!k3^ 
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value  of  CAB.  3.  Find  the  length  of  AC  by  mulUplying  AB 
by  the  secant  of  CAB^  or,  what  is  the  same  thing,  by  dividing 
AB  \yy  the  cosine  of  CAB.  4.  Check  the  length  oi  AC  by 
squaring  AB  and  BC,  using  the  table  of  squares,  p.  683;  also 
by  scaling  the  length  of  ^IC  on  the  drawing. 

Directions:  Draw  the  same  triangle  ABC,  but  with  -4  as  a 
center  and  ^C  as  a  radius  draw  an  arc  corresponding  to  the  first 
quadrant.  Functions  will  now  be  multiplied  by  ^C  (the  radius) 
Instead  of  AB,  the  triangle  lying  wholly  within  the  quadrant. 

.  AC  sin.  CAB  =  BC 
AC  COS.  CAB  =  AB 

Problem  24:  Using  the  values  of  ^C  and  of  CAB  found  in 
the  preceding  problem,  find  the  lengths  of  CB  and  AB  hy  the 
above  formulas  to  as  many  places  as  the  data  will  warrant. 

Note:  The  student  will  observe  that  when  a  triangle  lies  wholly  withio 
the  quadrant  (i.e.,  its  hypo^henuse  is  the  radius  of  the  arc)  the  sine  and 
cosine  are  the  functions  used,  whereas,  if  it  extends  outside  of  the  quad- 
rant (i.e.,  the  base  is  the  radius)  the  tangent,  cotangent,  secant  and  cosecant 
are  used.  When,  as  in  many  books,  tables  of  secants  are  omitted,  tbe 
rtoiprocal  of  the  cosine  may  be  used  instead. 


Exercise  G-4. 

Use  of  Logarithms. 

References:  Pages  374  to  376,  pages  650  and  718. 

Directions:   1.   Before    beginning    this    exercise    go    through 

.he  tables,  p.  719  to  p.  763,  drawing  indices  or  arrows  at  each 

of  the  four  comers  of  every  page  as  indicated  on  p.  375.     2.  On 

a  narrow  strip  of  cardboard  print   two  sets  of   headings  to  fit 

the  tables  as  suggested  in  §  426  (4),  p.  375. 

Problem  25:  1.  Given  a  triangle  ABC  right-angled  at  B. 
i4B  =  24'7F;  BC  =  W  4^".  Reduce  the  given  lengths  to 
feet  and  decimals  of  a  foot.  (Use  table  on  p.  650.)  2.  Find 
the  natural  tangent  of  the  angle  CAB.  3.  Find  the  corre- 
sponding value  of  the  angle  CAB.  (Table  XV.)  4.  Find  the 
logarithm  of  the  natural  tangent  obtained  above  in  (2).  (Table 
XVII.)  5.  Look  up  in  the  logarithmic  tables  (XVIII)  the 
logaiithnnc  tangent  corresponding  to  the  angle  found  in  (3),  and 
€omp&re  this  logarithm  ^\.\i  \\ie\o^^T\tbm  found  in  (4). 
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Problem  26:  Find  the  logarithms  for  the  following  quantities: 

1.  log.  COS.    98°  12' 

2.  log.  tan.  155°  13' 

3.  log.  sin.  168°  12' 

4.  log.  cot.  109°  43' 

5.  log.  COS.  109°  12'  2(r 

6.  log:  tan.    21°  33' 44^^ 

7.  log.  sin.  123°  14'  32^^ 

8.  log.  cot.  164°  12'  IS'' 

Problem  27:  Find  the  angles  corresponding  to  the  following 
^garithms:* 

1.  log.  cos.  A  =  9.918147 

2.  log.  tan.  B  =  10.888449 

3.  log.  cot.  C  =  9.060016 

4.  log.  sin.  D  =  9.987186 

5.  log.  COS.  E  =  9.378321 

6.  log.  tan.  F  =  10.654632 

7.  log.  cot.  G  =  9.685417 

8.  log.  sin.  H  =  9.956666 

Qtiestions:  1.  How  may  time  be  saved  in  logarithmic  com- 
putations? p.  374,  §  426  (1).  2.  Give  some  suggestions  for 
avoiding  mistakes  especially  in  interpolating,  §  426  (2).  What 
are  some  of  the  mistakes  likely  to  be  made  when  an  angle 
is  more  than  90°?  §  426  (3).  4.  When  several  methods  of 
computation  may  be  used  in  finding  angle  or  a  side  of  a  triangle, 
when  woufd  you  use  tangent  and  cotangents,  and  when  sines 
and  cosines?  p.  376. 

Logarithmic  functions  of  angles  near  0°  and  90°.     See  p.  718. 

Problem  28:  Find  by  the  method  explained  on  p.  718  the  log- 
arithms of: 

1.  log.  sin.     0°43'45'' 

2.  log.  tan.    0°38'15'' 

3.  log.  cot.    0°59'14'' 

4.  log.  cos.  89°  02' 25" 

Find  the  angles  corresponding  to  the  following  logarithms: 

5.  log.  sin.  A  =   8.174231 

6.  log.  tan.  A  =    8.235489 

7.  log.  cot.  A  =  11.984362 

8.  log.  COS.  A  =    8.060753 

*  In  problem  27  the  angle  should  be  expressed  to  the  nearest  tecood^ 
*e  careful  to  observe  the  algebraic  sign  given  for  eacVi  IuuqXaou. 


GROUP  B. 

CALCULATION  OF  BEARINGS. 


Exercise  B-1. 
Calculation  of  Bearings  fn>m  Angles. 

Reference:  Before  beginning  this  exercise  students  should 
study  with  great  care  the  whole  of  Chapter  XXX,  b^inning 
on  page  378.  First  learn  to  convert  angular  distance  into  bear- 
ing and  vice  versa,  as  explained  in  §  432,  especially  in  the  note 
at  the  top  of  page  379.  Work  all  the  examples  at  the  top  of 
page  381  before  trying  to  apply  the  method  to  a  system  of 
transit  lines  as  explained  in  §  434. 

Directions:  Follow  the  form  of  computations  given  at  the 
top  of  page  382  and  apply  by  inspection  the  check  of  §  433  (e). 

Problem  29:  1.  Calculate  the  bearings  of  the  transit  lines 
BC,  CD,  and  DA,  p.  179,  assuming  A B  to  be  N.  88**  15'  E. 

30.  Same  as  problem  29,  assuming  the  bearing  of  .4  B  to  be 
N.  88**  15'  W.  instead  of  N.  88^  15'  E. 

Questions:  1.  Give  the  algebraic  signs  of  bearings  and  angles. 
2.  What  is  meant  by  angular  distance?  3.  Explain  the  gra- 
eral  method  of  converting  angular  distance  into  bearing;  of 
bearing  into  angular  distance.  4.  Give  the  general  method 
of  calculating  bearings,  p.  379.  5.  Explain  the  reason  which 
underlies  the  check  of  §  433  (e). 

ADDITIONAL  PROBLEMS. 

Angles  to  the  right.    Calculate  the  bearings  of  the  lines: 

31.  In  the  figure  on  p.  183,  assuming  Z>A  to  be  N.  80*  30' E. 

32.  In  the  figure  QRSTY,  p.  390,  assuming  QA  to  be  N.  43** 
10' W. 

33.  In  the  figure  QRSTUVWNOPQ,  p.  390,  assuming  QR 
8.  36^  12'  W. 
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Angles  to  the  left.     Calculate  the  bearings  of  the  lines: 

34.  'In  the  figure  on  p.  183,  using  the  same  values  as  in 
problem  31  above,  but  going  from  D  to  C  to  B  to  A  (counter- 
clockwise). 

35.  Same  as  problem  32,  but  go  from  QtoYioTtoSto 
R  (counter-clockwise). 

Angles  to  the  right  or  to  the  left.  Calculate  the  bearings  of 
the  lines:  AB,  BC,  CD,  DE,  EF,  FG,  GH,  HI,  and  IK.  Clock- 
wise =  +  ;  counter-clockwise  =  — .  Use  the  values  of  the  angles 
given  below. 

36.  Line  AB  =  N.  70®  E.;  ABC  =  199<*  + ;  BCD  =  101°  +  ; 
CDE  =71°  -;  DEF  =  74°  +;  EFG  =  98°  -;  FGH  =  263°-; 
GHl  =  82°  + ;  HIK  =  300°  +. 

37.  Same  as  problem  36  except  assume  the  bearing  of  ^IB 
N.  70°  W.  instead  of  N.  70°  E. 

38.  Same  as  problem  36  except  start  with  the  line  EF,  assum- 
ing its  bearing  to  be  N.  5°  E. 

39.  Same  as  problem  38  except  assume  bearing  of  EF  to  be 
S.  5°  E. 

40.  Line  AB  =  S.  80°  E.;  ABC  =  100°  10'  +;  BCD  - 
265°  23'  -  ;  CDE  =  86°  12'-  ;  DEF  =  243°  47'  +  ;  EFG  = 
168°  13'  +  ;  FGH  =  58°  34'  -  ;  GHl  =  38°  21'  +. 

41.  Same  as  problem  40  except  start  with  EF  whose  bearing 
may  be  assumed  EF  =  N.  70°  E. 

42.  Same  as  problem  41  except  assume  bearing  of  EF  = 
N.  70°  W. 

Deflection  angles.  Calculate  bearings  from  the  following  deflec- 
tion angles  by  the  method  referred  to  on  p.  382,  §  434  (b). 

43.  Line  AB  =  N.  84°  E.;  B  =  36°  R.,  C  =  43°  L.,  D  = 
15°  L.,  £;  =  52°  R.,  F  =  87°  L.,  G  =  21°  R.,  i/  =  49°  R., 
/  =  17°  L.  Check  the  bearing  of  IJ  by  the  melhod  outlined  at 
the  bottom  of  p.  155. 

44.  Same  as  problem  43  except  the  bearing  of  A  B  is  N.  84°  W 

45.  Same  as  problem  43  except  bearing  of  4  ^  is  S.  8°  W. 

46.  Same  as  problem  43  except  bearing  of  AB  \a^.  Vi?  ^, 
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Exercise  B  2. 

Changing  tlie  Bearings  of  All  Lines  of  a  Traverse  by  a 

Given  Amount. 

Reference:  Page  382,  §  434  (c). 

Problem  47:  1.  Assuming  the  bearing  of  QR  on  p.  392  to  be 
S.  W  26'  E.,  change  the  bearings  of  RS,  ST,  TY,  and  YQ  to 
correspond. 

48.  Assuming  the  bearing  of  QF  on  p.  392  to  be  N.  28**  16'  E., 
change  the  bearings  of  YW,  WO,  OP,  and  PQ  tg  correspond. 

ADDITIONAL   PROBLEMS. 

49.  Assume  CD  on  p.  386  to  be  a  north  and  south  line.  Change 
the  bearings  of  DA,  AB,  and  BC  to  correspond. 

50.  Assume  QR  on  p.  392  to  be  a  north  and  south  line. 
Change  the  bearings  of  RS,  ST,  TY,  and  YQ  to  correspond. 

51.  Assume  the  bearing  of  the  line  UV  on  p.  392  to  be 
N.  0«»  E.  Change  the  bearings  of  VW,  WN,  NO,  OP,  PQ,  QR,  RS, 
ST,  and  TU  to  correspond. 

52.  The  bearings  of  four  lines  are  given  as  follows:  1-2  = 
S.  5°  26'  W.,  2-3  =  S.  70°  39'  E.,  3-4  =  N.  47°  48'  E.,  4-1  = 
S.  77°  33'  W.  If  the  bearing  of  3-4  is  changed  to  N.  0°  E.,  what 
are  ths  corresponding  bearings  of  the  other  three  lines? 


Exercise  B-3. 

Calculation  of  Angles  from  Bearings. 

Reference:  Page  382,  §  435. 

Problem  53:  1.  AB  =  N.  32°  E.,  BC  =  S.  8°  W.,  CD  =  N.  72° 
W.,  DE  =  S.  20°  W.,  EF  =  S.  10°  E.,  FG  -  N.  63°  E.,  GH  = 
S.  0°  E.,  and  HI  =  S.  -89°  W..  Find  the  angles  measured  clock- 
wise at  stations  B,  C,  D,  E,  F,  G,  and  H, 

54.  AB  =  S.  70°  W.,  BC  -  S.  0°  21'  E.,  CD  =  S.  86°  14'  E., 
DE  =  S.  46°  43'  W.,  EF  =  S.  90°  W.,  FG  =  N.  12°  37'  E., 
?ff  =  N.  44°  12'  W.,  and  HI  =  S.  41°  9'  W.  Find  the  angles 
aeaeured  clockwise  at  B,  C,  D,  E,F^G,w\d  if. 
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ADDITIONAL  PROBLEMS. 

65.  Calculate  the  interior  angles  of  the  polygon  given  in  prob- 
lem 76,  p.  122,*  and  apply  the  closing  check  on  p.  119,  §  175. 

56.  Calculate  the  interior  angles  of  the  polygon  given  in  prob- 
lem 77,  p.  122,*  and  apply  the  closing  check  on  p.  119,  §  175. 

57.  AB  =  S.  0®  E.,  BC  =  S.  42°  18'  E.,  CD  =  N.  88°  14'  E., 
DE  -  N.  15°  47'  W.,  EF  =  N.  90°  W.,  FG  =  S.  38°  58'  W., 
GH  =  N.  87°  17'  W.,  HI  =  N.  12°  11'  E.  Find  the  angle* 
measured  clockwise  at  B,  C,  D,  E,  F,  G,  and  H.     , 

58.  AB  =  N.  89°  12'  E.,  BC  =  N.  20°  19'  W.,  CD  -  S.  81° 
54'  W.,  DE  -  N.  43°  29'  E.,  EF  =  S.  67°  21'  E.,  FG  =  S.  36° 
57'  W.,  GH  =  N.  24°  33'  W.,  HI  '=  N.  80°  W.  Find  the  angles 
measured  clockwise  at  B,  C,  D,  E,  F,  G,  and  H. 

59.  Calculate  the  deflection  angles  at  B,  C,  D,  E,  F,  G,  and  H 
from  the  following  bearings:  AB  =  N.  71°  12'  E.,  BC  =  S.  87° 
23'  E.,  CD  =  N.  68°  54'  E.,  DE  =  S.  55°  42'  E.,  EF  =  N.  65° 
24'  E.,  FG  =  N.  1°  22'  W.,  GH  =  N.  43°  E.,  HI  =  N.  20°  18'  W. 
Indicate  by  the  letters  "R**  and  "  L"  which  angles  are  to  the 
right  and  which  are  to  the  left,  and  check  results  by  the  method 
explained  at  the  bottom  of  page  155. 

60.  Calculate  the  deflection  angles  at  B,  C,  D,  E,  F,  G,  and  H 
from  the  following  bearings:  AB  =  S.  83°  09'  W.,  BC  =  N.  89° 
03'  W.,  CD  =  S.  47°  12'  W.,  DE  =  S.  0°  0'  W.,  EF  =  S.  51° 
14'  W.,  FG  =  S.  43°  42'  E.,  GH  =  S.  0°  09'  E.,  HI  =  S.  72° 
53'  W.,  IJ  =  S.  20°  11'  W.  Indicate  by  the  letters  ''  R"  and 
"  L"  which  angles  are  to  the  right  and  which  are  to  the  left, 
and  check  results  by  the  method  explained  at  the  bottom  of 
p.  155. 

61.  Calculate  the  deflection  angles  at  stations:  8  +  60, 14  +  30, 
19  4-  21,    23  +  72,    28  +  91,    33  +  19,    and    40  +  10.     The 

bearings  of  the  lines  beginning  with  the  line  from  0  to  8+60 
given  in  order  are  as  follows:  S.  80°  10'  E.,  N.  80°  24'  E., 
S.  71°  52'  E.,  S.  1°  11'  E.,  S.  43°  22'  E.,  S.  37°  18'  W.,  S.  86°  04' 
W.,  S.  43°  12'  W.  Indicate  by  the  letters  *'  R"  and  "  L"  which 
angles  are  to  the  right  and  which  are  to  the  left,  and  check 
i^esults  by  the  method  explained  at  the  bottom  of  p.  155. 

62.  Calculate    the    deflection    angles    at    stations:     4  +  30> 

\  +  96,  II  +  81, 16  +  20,  19  +  92, 24  +  0^,axv^  ^^  ^  W.  "^^na 
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bearings  of  the  lines  beginning  with  the  line  from  0  to  4+30 
given  in  onkr  are  as  follows:  N.  3^  12'  W.,  N.  42°  19'  W.,  N.  O** 
03'  E.,  N.  88°  58'  W.,  S.  63°  09'  W.,  N.  47°  18'  W.,  N.  0°  0'  W., 
N.  7*1°  21'  W.  Indicate  by  the  letters  "  R"  and  "  L"  which 
angles  are  to  the  right  and  which  are  to  the  left,  and  check 
results  by  the  method  explained  at  the  bottom  of  p.  155. 


GROUP   L. 

LATITUDES   AND   DEPARTURES. 


Exercise  L. 
Calculation  of  Latitudes  and  Deiiartures. 

Reference:  Chapter  XXXI,  pp.  384  to  394. 

Directions:  1.  In  each  problem  make  a  rough  sketch  of  the 
traverse  lines,  placing  the  bearing  and  length  of  each  line  on  the 
sketch,  as  illustrated  on  p.  392.  2.  Rule  five  columns  with 
headings  corresponding  to  those  on  p.  393.  3.  In  the  first 
column  put  down  the  data,  i.e.  the  bearing  and  length  of  each 
line,  also  the  notation  for  the  line,  as  illustrated  in  the  first 
column  on  p.  393.  4.  Look  up  all  the  logarithms,  one  right 
after  the  other,  and  enter  them  in  the  third  and  fourth  columns; 
see  p.  393.  5.  Perform  the  necessary  addition.  6.  Look  up  the 
departures  and  latitudes  corresponding  to  the  logarithms  found 
by  addition,  entering  each  departure  and  each  latitude,  as  soon 
as  found,  in  the  second  and  fifth  columns,  respectively;  see 
p.  393.  7.  Tabulate  the  latitudes  and  departures  as  illustrated 
on  p.  394.  8.  If  the  traverse  is  a  polygon  and  any  large  error 
is  evident  in  the  sums  of  the  latitudes  or  the  departures,  apply 
the  checks  explained  at  the  bottom  of  p.  389. 

Note:  The  above  method  of  procedure  is  practically  the  same  as  that 
given  on  p.  389.  It  will  be  observed  that  like  operations  are  grouped 
(see  p.  364,  §  423),  and  the  student  will  save  time  and  avoid  mistakes  if 
he  will  follow  closely  the  method  of  procedure  indicated. 

Problems:  (To  be  assigned  from  the  sixteen  problems 

given  below.) 

Remark:  The  latitudes  and  departures  computed  in  any  problem  of  this 
exercise  may  be  used  in  a  subsequent  exercise  requiring  the  calculation  of 
omitted  measurements  or  the  area  of  a  polygon.  Problems  75»  76  and  77 
are  us3d  in  this  way  repeatedly  in  succeeding  exercises,  while  occasional 
use  is  made  of  Problems  71,  72,  73,  74  and  78^  It  will  save  time  in  the  end, 
therefore,  to  assigi  as  many  of  the  problems  given  below  as  possible,  even 
though  it  may  seem  that  a  disproportionate  amount  of  time  is  being  given 
to  the  mere  c  ilculation  of  latitudes  and  departures. 

When  the  student  has  learned  to  compute  latitudes  and  departures 
by  means  of  logarithms,  he  may  be  given  practice  in  solving  some  of  the 
problems  by  the  use  of  traverse  tables.  See  p.  387,  §  444  (b).  He  may 
also  be  given  practice  in  the  construction  and  use  of  a  trigonometer.  (See 
p.  388.) 
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PROBLEMS. 

71.  Calculate  the  latitudes  and  departures  of  the  transit  lines 
A  BCD,  p.  179. 

72.  Calculate  the  latitudes  and  departures  of  the  transit  lines 
ABCDy  p.  183. 

73.  AB  =  N.  25°  16'  E.,  150.0  ft.;  BC  =  S.  59°  54'  E.,  210.0 
ft.;  CD  =  S.  19°  28'  W.,  285.5  ft.;  DA  =  N.  32°  14'  W., 
282.3  ft.     Calculate  and  tabulate  latitudes  and  departures. 

74.  AB  =  N.  26°  30'  E.,  547.3  ft.;  BC  =  S.  78°  18'  E.,  504.8 
ft.;  CD  =  S.  9°  01'  E.,  315.5  ft.;  DA  =  S.  84°  30'  W.,  791.6  ft. 
Calculate  and  tabulate  latitudes  and  departures. 

75.  AB  =  S.  43°  16'  W.,  206.6  ft.;  BC  =  S.  12°  43' E.,  196.6 
ft.;  CD  =  S.  83°  45'  E.,  530.9  ft.;  DE  =  N.  3°  13'  W.,  896.7 
ft.;  EA  =  S.  37°  26'  W.,  623.7  ft.  Calculate  and  tabulate  lati- 
tudes and  departures. 

76.  AB  =  N.  60°  15'  E.,  432.6  ft.;  BC  =  S.  70°  10'  E.,  310.8 
ft.;  CD  =  S.  35°  30'  W.,  290.5  ft.;  DE  =  N.  65°  05'  W.,  168.2 
ft.;  EA  =  N.  80°  47'  W.,  351.3  ft.  Calculate  and  tabulate 
latitudes  and  departures. 

77.  1-2  =  S.  73°  21'  E.,  247.2  ft.;  2-3  =  S.  40°  10'  E.,  154.3 
ft.;    3-4  =  S.   26°  42'  W.,   611.9  ft.;    4-6  ==  N.   14°  20'  W., 

483.5  ft.;  5-1  =  N.  12°  20'  E.,  273.3  ft.  Calculate  and  tabulate 
latitudes  and  departures. 

78.  Assume  the  bearing  of  the  line  RS,  p.  392,  to  be  S.  0°  0'  E. 
Change  the  bearings  of  ST,  TU,  UV,  VW,  WN,  NO,  OP,  PQ, 
and  QR  to  correspond.  Calculate  and  tabulate  the  latitudes 
and  departures  of  the  perimeter  of  the  figure,  i.e.*,  the  polygon 
RSTUVWNOPQ. 

79.  Same  as  problem  78  except  assume  the  line  f/F  to  be  a 
north  and  south  line,  and  change  the  bearings  of  the  other 
nine  lines  to  correspond. 

80.  1-2  =  N.  7°  54'  E.,  483.4  ft.;    2-3  =  N.  86°  46'  W., 

380.6  ft.;  3-4  =  S.  9°  38'  W.,  225.9  ft.;  4-5  =  S.  20°  10'  E., 
241.9  ft.;  5-1  =  S.  79°  18'  E.,  272.7  ft.  Calculate  and  tabu- 
late latitudes  and  departures. 

81.  AB  =^N.  50°  55'  W.,  449.3  ft.;  BC  =  N.  1°  19'  W., 
337.8  ft.;  CD  =  N.  87°  38'  E.,  264.9  ft.;  DE  =  S.  38°  50'  E., 
205.2  ft.;    EF  =  S.  34°  50'  W.,  120.5  ft.;   FA  =  S.  4°  54'  E., 

374. 7  ft.     Calculate  and  tabu\ale  \sAA\.ud^^  ^xvd  departures. 
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82.  AB  =  N.  2«>  05'  W.,   183.5  ft.;    BC  -  N.  57«»  40'  W., 

273.3  ft. ;  CD  =  S.  42«»  25'  30^^  W.,  639.4  ft. ;  DE  =  S.  71°  18'  E., 

698.4  ft.;  EF  =  S.  89°  37'  E.,  340.0  ft.;  FA  =  N.  35°  14'  W., 
412.2  ft.     Calculate  and  tabulate  latitudes  and  departures. 

83.  AB  =  N.  56°  36'  W.,  279.0  ft.;    BC  =  S.  44°  02'  W., 

286.0  ft.;   CD  =  S.  25°  00'  W.,  171.8  ft.;  DE  =  S.  40°  39'  W., 

174.1  ft.;  EF  =  S.  71°  30'  E.,  442.4  ft.;  FG  =  S.  87°  37'  E., 
445.6  ft.;  GH  =  N.  41°  07'  W.,  402.8  ft.;  HA  =  N.  5°  11'  E., 
195.8  ft.     Calculate  and  tabulate  latitudes  and  departures. 

Problems  in  calculating  latitudes  and  departures  from  azimuth 
(reckoned  clockwise  from  the  north).  Problems  84  and  85  are 
rough  surveys  and  the  error  of  closure  should  be  corrected  by  the 
first  method  of  balancing  a  survey  explained  on  p.  395. 

84.  AB  =  32°  28',  334  ft.;  BC  =  20°  34',  308  ft.;  CD  = 
239°  02',  228  ft. ;  DE  =  219°  50',  183  ft. ;  EA  =  175°  00',  310  ft. ; 
Calculate  and  tabulate  latitudes  and  departures  and  balance 
the  survey. 

85.  AB  =  1S°  11',  450  ft.;  BC  =  355°  00',  310  ft.;  CD  = 
322°  46',  200  ft. ;  DE  =  221°  10',  460  ft. ;  EF  =  152°  00',  230  ft. ; 
FG  =  123°  14',  281  ft. ;  GA  =  189°  03',  195  ft.  Calculate  and 
tabulate  latitudes  and  departures  and  balance  the  survey. 

86.  Change  all  the  bearings  in  problem  to  azimuths, 
but  retain  the  same  lengths.  Calculate  and  tabulate  latitudes 
and  departures.  (The  number  of  the  problem  to  be  inserted  in 
the  blank  space  will  be  assigned  by  the  instructor  from  among  the 
first  thirteen  problems  given  above.) 

Note:  An  indefinite  number  of  problems  may  be  arranged  by  changing 
all  the  bearings  in  any  one  of  the  above  problems  bj'  a  given  amount,  as 
for  example,  by  30°+  or  40°  —  and  so  on. 

Questions:  *  1.  What  is  meant  by  the  term  latitude;  departure? 
2.  Explain  how  each  is  found  from  the  bearing  and  length  of  a 
line.  3.  What  are-  the  algebraic  signs  for  the  different  quad- 
rants of  bearings?  4.  What  is  the  departure  of  any  north  and 
south  line,  and  the  latitude  of  any  east  and  west  line?  5.  Ex^ 
plain  by  means  of  a  sketch  how  latitudes  and  departures  may  b6 
used  for  determining  the  position  of  any  station  with  respect  to 
any  other  station  in  a  system  of  transit  lines,  p.  385.  6.  How 
may  the  error  of  closure  be  ascertained?  p.  386.     7.   For  ordinary 

*  Many  of  the  explanations  involved  in  the  answer  to  these  questions 
should  be  illustrated  by  sketches  at  the  black-bo&id. 
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transit  work  what  are  the  permissible  errors  of  closure?  p.  160. 

8.  Suppose  that  the  permissible  error  for  one  angle  is  dXf  and 
that  the  total  length  of  the  perimeter  of  a  sixteen-sided  polygon 
is  5000  ft.     What  is  the  limit  for  the  error  of  closure?  p.  161. 

9.  Every  line  has  two  bearings.  Which  is  used  in  computing 
latitudes  and  departures?  p.  387.  10.  Explain  how  to  compute 
latitudes  and  departures  from  azimuths,  p.  387.  11.  Explain  the 
use  of  traverse  tables.  12.  Explain  the  construction  and  use 
of  a  trigonometer.  13.  Illustrate  by  sketch  how  the  true  bear- 
ings of  traverse  lines  may  be  obtained  by  observation  on  Polaris, 
p.  389,  §  445  (3).  14.  How  could  true  bearings  be  obtained 
from  the  magnetic  bearings  if  the  magnetic  declination  is  known? 
p.  389,  Remark.  15.  So  far  as  plotting  is  concerned,  does  it 
make  any  difference  what  value  is  taken  for  the  bearing  of  the 
first  line  if  the  bearings  of  the  other  lines  are  calculated  from  that 
bearing?  16.  When  the  sums  of  the  latitudes  or  the  sums  of 
the  departures  are  not  equal  within  the  limit  of  error,  what  three 
checks  would  you  apply?     (Bottom  of  p.  389.) 

QiLestions  on  balancing  survey:  1.  What  is  meant  by  balancing 
survey?  p.  395.  2.  Is  it  usually  necessary  to  balance  a  survey 
for  purposes  of  plotting?  3.  When  is  it  necessary  to  balance  a 
survey?  4.  What  two  general  methods  are  used  for  balancing 
a  survey?  p.  395.  5.  Explain  the  first  method.  6.  What 
effect  has  the  balancing  of  a  survey  on  the  original  bearings  and 
lengths?  p.  396,  Note.  7.  How  may  the  original  bearings  and 
lengths  be  corrected?  8.  Explain  the  second  method  of  balanc- 
ing a  survey  (p.  396):  (1)  Measurements  made  under  unfavor- 
able conditions.  (2)  Linear  measurements  likely  to  be  too  long, 
which  quantities  should  be  decreased.  (3)  Effect  of  changes  of 
Idng  and  short  lines.  (4)  Effect  of  changes  in  north  and  south 
lines,  and  east  and  west  lines.  9.  Give  the  substance  of  Mr. 
Gould's  discussion,  p.  397. 


GROUP  T. 

TRIANGULATION. 


Exercise  T-1. 
Computations  for  Triangulations. 

Reference:  Page  399,  §  448. 

Directions:  Find  by  calculation  the  lengths  of  the  side  of  each 
triangle  in  a  triangulation  net,  using  the  form  shown  on  p.  400, 
§  448  (d).  The  student  should  prepare  the  above  form  for  each 
triangle  before  looking  up  logarithms. 

Problems:  (To   be   assigned   from   the   problems  given 

below.) 

PROBLEMS. 

101.  A  triangulation  net  is  composed  of  three  triangles.  The 
base  line  BA  =  1070.06  ft.  Adjusted  values  of  the  angles  are 
given  below. 

Triangle  ABC  Triangle  ACD                 Triangle  ADE 

BAC  =  82°  16'  27"  CAD  =    39**  16'  11"  DAE  =  63**  38'  48" 

ACB  =  57°  12'  03"  ADC  =  100°  42'  14"  AED  =  49°  27'  10" 

i4fiC  =  40°  31'  30"  DC  A  =    40°  01'  35"  EDA  =  66°  54'  02" 

102.  A  triangulation  net  is  composed  of  three  triangles.  The 
base  line  BA  =  1421.36  ft.  Adjusted  values  of  the  angles  are 
given  below. 

Triangle  A  BC  Triangle  BCD                 Triangle  CDE 

ABC  =  64°  48'  41"  BCD  =  60°  21'  18"  CDE  =  67°  12'  42" 

BAC  =  61°  21'  14"  CBD  =  80°  24'  28"  DCE  =  63°  16'  20" 

ACB  =  53°  50'  05"  BDC  =  39°  14'  14"  CED  =  49°  30'  58" 

103.  A  triangulation  net  is  composed  of  three  triangles.  The 
base  line  AB  =  2121.83  ft.  Adjusted  values  of  the  angles  are 
given  below. 

Triangle  i4BC  Triangle  i4C7£;  Triangle  CBD 

ABC  =  55°  10'  20"      ACE  =  46°  42'  20"  CBD  =  82°  51'  11" 

BAC  =  54°  48'  15"      CAE  =  88°  51'  12"  BCD  =  41°  19'  04" 

ACB  =  70°  01'  25"      AEC  =  44°  26'  28"  CDB  =  55P  4a'  ^^ 

126 
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104.  A  triangulation  net  is  composed  of  three  triangles.  The 
base  line  BD  =  2421.16  ft.  Adjusted  values  of  the  angles  are 
given  below. 

Triangle  BDC  Triangle  BCA  Triangle  DCS 

BDC  =  70°  00'  46^  BCA  =  49**  10'  IS''  DCS  =  61°  24'  10* 

DBC  =  56°  49'  04"  CBA  =  58°  36'  30^  CDS  =  60°  28'  14' 

BCD  =  53°  10'  ir  BAC  =  72°  13'  15^^  DEC  =  58°  07'  36* 

105.  A  triangulation  net  is  composed  of  three  triangles.  The 
base  line  XY  =  3121.42  ft.  Adjusted  values  of  the  angles  are 
given  below. 

Triangle  XYW  Triangle  XWU  Triangle  YWV 

XYW  =  61°  22'  44^^  XWU  =  59°  18'  40''   YWV  =  80°  09'  IC' 

YXW  =  58°  21'  10"  WXU  =  63°  12'  10"  TFFF  =  40°  12'  14' 

XWY  =  60°  16'  06"  XUW  =  57°  29'  10"   YVW  =  59°  38'  36' 

106.  A  triangulation  net  is  composed  of  three  triangles.  The 
base  line  RS  =  432.461  ft.  Adjusted  values  of  the  angles  are 
given  below. 

Triangle  RST  Triangle  RTU  Triangle  STV 

RST  =  40°  21'  40"  RTU  =  38°  18'  47"  STV  =  94°  51'  07* 

SRT  =  55°  39'  15"  TRU  =  93°  44'  21"  TSV  =  44°  06'  41' 

?ra  =  83°  59'  05"  RUT  =  47°  56'  52"  SVT  =  41°  02'  12* 

107.  A  triangulation  net  is  composed  of  three  triangles.  The 
)ase  line  1-2  =  496.831  ft.  Adjusted  values  of  the  angles  are 
jiven  below. 

Triangle  1-2-3  Triangle  1-2-5  Triangle  2-3-4 

1-2-3  =    37°  18'  43"  1-2-5  =  43°  18'  47"  2-3-4  =  61°  21'  18' 

2-1-3  =    36°  21'  48"  2-1-5  =  41°  48'  03"  3-2-4  =  58°  53'  12' 

1-3-2  =  106°  19'  29"  1-5-2  =  94°  53'  10"  2-4-3  =  59°  45'  SO* 

108.  A  triangulation  net  is  composed  of  three  triangles.  The 
base  line  1-2  =  468.432  ft.  Adjusted  values  of  the  angles  are 
given  below. 

Triangle  1-2-3  Triangle  1-3-4            Triangle  3-4-5 

1-2-3  =  92°  24'  51"  1-3-4  =  41°  02'  11"  3-4-5  =  40°  08'  48' 

2-1-3  =  41°  52'  21"  3-1-4  =  44°  53'  17"  4-3-5  =  41°  37'  44' 

1-3-2  =  45°  42'  48"  1-4-3  =  94°  04'  32"  3-5-4  =  98°  13'  28' 
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Exercise  T-2. 
Miscellaneous  Problems  In  Triangulation. 

109.  In  Fig.  277  (e),  p.  223,  the  length  of  "the  base-line  CD  is 
423.738  ft.  ACD  =  109**  11'  30^,  BCD  =  43°  42'  12^,  ADC  =  33*» 
18'  24",  BDC  =  66**  28'  20".     Compute  the  length  of  A  B. 

110.  In  Fig.  277  (f),  p.  223,  in  order  to  find  the  distance  AC  a 
base  line  AE  was  laid  off  and  its  length  found  to  be  231.763  ft. 
CAE  =^  36*  19'  36",  CEA  =  8P  54'  10".  The  vertical  angle 
CAB  ^^  2V  18'  40".  The  level  line  AC  strikes  the  building  four 
feet  above  a  point  on  the  ground.  How  high  is  the  point 
B  above  the  same  point  on  the  ground? 

111.  In  the  figure  on  p.  217  the  length  of  base  line  No.  1  is 
879.453,  and  that  of  base  line  No.  2  is  943.768  ft.  NHS  =38° 
21'  40",  HNS  =  37°  10'  5",  HSN  =  104°  28'  15";  MSN  =  68° 
30'  42",  SMN  =  62°  57'  45",  MNS  =  48°  31'  33."  Make  all  of 
the  computations  that  are  necessary  for  locating  Piers  A  and  B, 
^ussuming  that  the  three  spans  are  equal. 
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OMITTED  MEASUREMENTS. 


EzMTise  O-l. 


To  Calculate  the  Bearing  and  Length  of  an  Omitted 

Side  of  a  Polygon. 

Reference:  Pages  400  to  402,  Case  I. 

Directions:  Follow  the  method  of  procedure  given  at  the 
bottom  of  p.  401. 

Problem:        (To  be  assigned  from  the  fourteen  problems  given 

below.) 

PROBLEMS. 

Note:  Id  the  first  six  problems  the  student  may  use  latitudes  and  dq>ar- 
tures  whidi  he  may  have  already  calculated  in  the  examples  on  p.  122.* 
In  each  problem  there  will  be  two  solutions,  the  first  from  the  lines  of  the 
polygon  on  one  side  of  the  missing  line,  the  second  from  the  lines  of  the 
polygon  on  the  other  side  of  the  missing  line.  If  there  is  no  error  of 
dosure  the  results  should  be  the  same. 

Find  the  length  and  bearing  of  the  line 

121.  From  D  to  A  in  Problem  75,  p.  122.* 

122.  From  B  to  E  in  Problem  76,  p.  122.* 

123.  From  3  to  5  in  Problem  77,  p.  122.* 

124.  From  F  to  P  in  Problem  78,  p.  122.* 

125.  From  0  to  Q  in  Problem  79,  p.  122.* 

126.  From  E  to  H  in  Problem  83,  p    123.* 


127.  Line             Bearing           Length 

T  latitude 

Departure 

MN        S.  47«>  03' W.        291.7 

198.7 

213.6 

NO         N*.  43«>  55'  W         251.4 

181.1 

174.4 

OP          N.  14°  57' E.         346.4 

334.1 

89.2 

PQ          N.  26°  12'  E.         250.7 

224.9 

110.7 

Find  the  bearing  and  length  of  the  line  QM. 

128.  Line         Bearing               Length 

Latitude 

Departure 

MN    N.  47°  48'  E.      1000.6    ft. 

672.14 

741.26 

NO      N.  62°  38'  W.       573.29  ft. 

263.53 

509.13 

OP      S.   76°  40'  W.       330.33  ft. 

76.18 

321.42 

PQ      S.     5°  26'  W.       804.99  ft. 

801.38 

76.23 

Fwd  the  bearing  and  length  of  the  line  QM. 

Vl% 
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129.  EA  =  N.  65°  05'  E.,  804.6  ft. ;AB  =  S.  50°  20'  E.,  370.5  ft.; 
BC  =  S.  25°  16'  W.,  315.8  ft.;  CD  =  $.  45°  31'  W.,  291.6  ft. 
Find  the  bearing  and  length  of  DE. 

130.  GC  =  N.  84°  27'  W.,  268.5  ft.;  CD  =  N.  31°  53'  W., 
337.2  ft.;  DE  =  N.  30°  11'  E.,  263.9  ft.;  EF  =  S.  65°  10'  E., 

310.6  ft.     Find  the  bearing  and  length  of  FG. 

131.  1-2  =  N.  41°  48'  E.,  212.4  ft.;  2-3  =  S.  68°  19'  E.,  411.3 
ft.;  3-4  =  S.  3°  51'  E.,  394.7  ft.;  4-5  =  S.  36°  10'  W.,  381.6  ft. 
Find  the  bearing  and  length  of  5-1. 

132.  1-2  =  N.  46°  18'  W.,  321.6  ft.;  2-3  =  S.  48°  59'  W., 

401.7  ft.;  3-4  =  S.  0°  49'  E.,  372.1  ft.;  4-5  =  S.  8°  09'  E., 

241.8  ft.     Find  the  bearing  and  length  of  5-1. 

133.  In  Problem  107,  p.  126,*  assume  that  the  angles  3-2-4 
and  2-4-3  are  not  known,  but  that  all  the  other  angles  are  as  given 
in  that  problem,  (a)  Assume  the  bearing  of  4-3  to  be  any  value 
you  please,  and  from  this  bearing  compute  the  bearings  of  3-1, 
1-6,  and  6-2  by  the  method  of  Chapter  XXX,  using  angles 
4-3-1,  3-1-5,  and  1-6-2.  (b)  Using  these  bearings  and  the 
lengths  of  4-3,  3-1,  1-6,  and  5-2  (found  by  computation  in 
Exercise  T-1),  compute  the  latitudes  and  departures  of  these 
four  lines,  (c)  From  these  latitudes  and  departures  compute 
the  length  and  bearing  of  the  line  2-4.  {d)  Compare  this  length 
of  2-4  with  the  length  found  in  the  tri angulation  computation, 
(e)  From  the  bearings  of  4-3  and  4-2  find  the  angle  3-4-2  and 
compare  its  value  with  the  value  of  3-4-2  given  in  Problem  107, 
p.  126.* 

134.  A  problem  similar  to  Problem  133  made  up  from  one  of 
the  triangulation  problems  on  p.  125  or  126.* 

Exercise  0-2. 

To  Calculate  the  Omitted  Bearing  of  One  Side  and  the 
Omitted  Length  of  Another  Side  of  a  Polygon. 

Reference:  Page  403,  Case  II. 

Directions:  Problems  under  Case  II  may  be  solved  by  two 
methods.  In  each  of  the  problems  given  below  follow  that  order 
of  procedure  on  p.  403  which  corresponds  to  the  method  called 
for  in  the  problem.     Notice  the  Remark,  p.  403. 

Problem:  (To  be  assigned  from  the  seventeen  ^^rohVesaa 

given  below.) 
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PROBLEMS. 

Note:  In  each  of  the  first  seven  problems  the  student  may  use  the  lati- 
tudes and  departures  which  he  may  have  already  calculated  in  the  oone- 
sponding  problem  on  p.  122«*  except,  of  course,  the  latitude  and  departure 
of  a  side  whose  bearing  or  length  is  assumed  to  be  omitted. 

141.  In  Problem  75,  p.  122,*  assume  the  bearing  of  DE  and 
the  length  of  EA  to  be  omitted.  Calculate  the  omitted  meas- 
urements by  the  first  method  of  Case  II,  p.  403. 

142.  Same  as  Problem  141  except  use  the  second  method  of 
Case  II,  p.  403. 

143.  In  Problem  76,  p.  122,*  assume  the  bearing  of  BC  and 
the  length  of  CD  to  be  omitted.  Calculate  the  omitted  meas- 
urements by  the  first  method  of  Case  II,  p.  403. 

144.  Same  as  Problem  143  except  use  the  second  method  of 
Case  II,  p.  403. 

145.  In  Problem  77,  p.  122,*  assume  the  bearing  of  3-4  and 
the  length  of  4-5  to  be  omitted.  Calculate  the  omitted  measure- 
ments by  the  first  method  of  Case  II,  p.  403. 

146.  Same  as  Problem  145  except  use  the  second  method  of 
Case  II,  p.  403. 

147.  A  problem  similar  to  the  above  problems  made  up  from 
one  of  the  problems  on  p.  122,  123,  125  or  126.* 

148.  CD  =  S.  47**  29'  W.,  562.3  ft.;  D4  =  N.  50**  15'  W., 
380.4  ft.;  /15  =  S.  65°  27'  E.;  fiC  =  435.2  ft.  Calculate  the 
bearing  of  BC  and  the  length  of  AB.  Use  the  first  method  of 
Case  II  and  check  by  the  second  method. 

149.  /1B  =  N.  73°58' W.,  125.5  ft.;  BC  =  S.  8°  48' E.,  163.9  ft.; 
CD  =  87.5  ft. ;  D/1  =  N.  5°  40'  E.  Calculate  the  bearing  of  CD 
and  the  length  of  DA .  Use  the  first  method  of  Case  II  and  check 
by  the  second  method. 

150.  AB  =  N.  40°  20'  E.,  302.6  ft.;  BC  =  N.  71°  15'  E., 
282.2  ft.;  CD  =  S.  50°  10'  E.;  DE  =  S.  45°  25'  W.,  510.6  ft.; 
EA  =  466.3  ft.  Calculate  the  bearing  of  EA  and  the  length  of 
CDf  using  the  second  method  of  Case  II. 

151.  Same  as  Problem  150,  using  the  first  method  of  Case  II. 

152.  AB  =  N.  40°  00'  E.,  530.2  ft.;  BC  =  S.  60°  20'  E.,  421.6 
ft.;  CD  =  527.4  ft.;  DE  =  S.  65°  10'  W.;  EA  =  N.  35°  10'  W., 
578.6  ft.     Calculate  the  bearing  of  CD  and  length  of  DE,  usiog 

the  Grst  method  of  Case  11. 
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153.   Same  as  Problem   151,  using  the  second    method    of 
Jase  11. 

154.'  (In  this  problem  the  omitted  measurements  affect  sides 
j^rhich  are  not  adjacent.)  AB  =  N.  46°  05'  E.,  433.4  ft.;  BC  = 
3.  62°  50'  E.,  183.6  ft.;  CD  =  S.  27°  28'  E.,  402.7  ft.;  DE  = 
3.  39°  48'  W.;  EF  -  N.  52°  07'  W.,  323.6  ft.;  FA  =  298.6  ft. 
Calculate  the  bearing  of  FA  and  the  length  of  DEj  using  the 
second  method  of  Case  11. 

155.  Same  as  Problem  154,  using  first  method  of  Case  11. 

156.  AB  =  N.  32°  05'  E.,  263.2  ft.;  BC  =  N.  74°  18'  E.,  234.4 
ft.;  CD  =  S.  12°  52'  W.,  465.3  ft.;  D^  =  525.0  ft.;  EA  =  S.  62° 
27'  W.  Calculate  the  bearing  of  DE  and  the  length  of  EA,  using 
the  first  method  of  Case  11. 

157.  Same  as  Problem  156,  using  the  second  method  of 
Case  II. 

Exercise  0-3. 

To  Calculate  the  Omitted  Lengths  of  Two  Sides 

of  a  Polygon. 

Reference:  Page  404,  Case  111. 

Directions:  Problems  under  Case  III  may  be  solved  by  two 
methods.  In  each  of  the  problems  given  below  follow  that  order 
of  procedure  on  p.  404,  which  corresponds  to  the  method  called 
for  in  the  problem.     Notice  the  "  Remark  "  on  p.  404. 

Problem:  (To  be  assigned  from  the  fourteen  problems 

given  below.) 

PROBLEMS. 

Note:  In  each  of  the  first  seven  problems  the  student  may  use  the  lati- 
tudes and  departures  which  he  may  have  already  calculated  in  the  corre- 
sponding problem  on  p.  122,*  except,  of  course,  the  latitude  and  departure 
of  a  side  whose  length  is  assumed  to  be  omitted. 

171.  In  Problem  75,  p.  122,*  assume  the  lengths  of  BC  and  CD 
to  be  omitted.  Calculate  the  omitted  measurements  by  the  first 
method  of  Case  III,  p.  404. 

172 .  Same  as  Problem  171  except  use  the  second  method  of  Case 
III,  p.  404. 
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173.  In  Problem  76,  p.  122,*  assume  the  lengths  of  BC  and  CD 
to  be  omitted.  Calculate  the  omitted  measurements  by  the  first 
method  of  Case  111,  p.  404. 

174.  Same  as  Problem  173  except  use  the  second  method  of 
Case  III,  p.  404. 

175.  In  Problem  77,  p.  122,*  assume  the  lengths  of  2-3  and  4-6 
to  be  omitted.  Calculate  the  omitted  measurements  by  the  firet 
method  of  Case  III,  p.  404. 

176.  Same  as  Problem  175  except  use  the  second  method  of 
Case  III,  p.  404. 

177.  A  problem  similar  to  the  above  problems,  made  up  from 
one  of  the  problems  on  p.  122,  123,  125  or  126.* 

178.  AB  =  ^.  68°  11'  W.,  216.0  ft.;  fiC  =  S.  33*^  35'  W.,  167.0 
ft. ;  CD  =  S.  32°  27'  E. ;  D^  =  N.  41°  59'  E.  Calculate  the 
lengths  of  CD  and  DA.  Use  the  first  method  of  Case  III,  and 
check  by  the  second  method. 

179.  AB  =  N.  16°  42'  E.,  273.0  ft.;  BC  =  S.  68°  23'  W.,  388.5 
ft.;  CD  =  S.  10°  12'  E.;  Dil  =  N.  50°  46'  E.  Calculate  the 
lengths  of  CD  and  DA.  Use  the  first  method  of  Case  III,  and 
check  by  the  second  method. 

180.  AB  =  N.  36°  30'  E.,  608.1  ft.;  BC  =  S.  68°  18'  E.,  560.9 
ft.;  CD  =  S.  0°  59'  E.;  DA  =-  N.  85°  30'  W.  Calculate  the 
lengths  of  CD  and  DA.  Use  the  first  method  of  Case  III,  and 
check  by  the  second  method. 

181.  AB  =  N.  10°  20'  W.,  248.3  ft.;  BC  =  N.  62°  18'  E., 
324.6  ft. ;  CD  =  S.  74°  27'  E.;DE  =  S.  20°  22'  W.,EA  =  S.  68* 
50'  W.,  463.5  ft.  Calculate  the  lengths  of  CD  and  DE,  using  the 
second  method  of  Case  III. 

182.  Same  as  Problem  181,  using  the  first  method  of  Case  111. 

183.  (In  this  problem  the  omitted  measurements  affect  sides 
which  are  not  adjacent.)  AB  =  S.  70°  05'  W.,  437.9  ft.;  BC  = 
N.  15°  54' W.;  CD  =  N.  38°  16' E.,  217.6ft.;D£;  =  S.  10°02'W.; 
EA  =  S.  72°  25'  E.,  366.4  ft.  Calculate  the  lengths  of  BC  and 
DE,  using  the  second  method  of  Case  111. 

184.  Same  as  Problem  183,  using  the  first  method  of  Case  IIL 
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Exercise  0  4. 

To  Calculate  the  Omitted  Bearlng^s  of  Two  Sides  of  a 

Polygon. 

Reference:  Page  404,  Case  IV. 

Directions:  Follow  the  method  of  procedure  of  Case  IV,  p.  404. 
Notice  the  **  Remark  "  under  this  case. 

Problem:  .  (To  be  assigned  from  the  nine  problems  given 
below.) 

PROBLEMS. 

Note:  In  each  of  the  first  four  problems  the  student  may  use  the  lati- 
tudes and  departures  which  he  may  have  already  calculated  in  the  corre- 
sponding problems  on  p.  122,*  except,  of  course,  the  latitude  and  departure 
of  a  side  whose  bearing  is  assumed  to  be  omitted. 

191.  In  Problem  75,  p.  122,*  assume  the  bearings  of  BC  and 
CD  to  be  omitted.  Calculate  the  omitted  measurements  by 
the  method  of  Case  IV,  p.  404. 

192.  In  Problem  76,  p.  122,*  assume  the  bearing  of  BC  and 
CD  to  be  omitted.  Calculate  the  omitted  measurements  by  the 
method  of  Case  IV,  p.  404.       , 

193.  In  Problem  77,  p.  122,*  assume  the  bearings  of  2-3  and 
3-4  to  be  omitted.  Calculate  the  omitted  measurements  by  the 
method  of  Case  IV,  p.  404. 

194.  A  problem  similar  to  the  above  problems,  made  up  from 
one  of  the  problems  on  p.  122,  123,  125  or  126.* 

195.  AB  =  N.  53**  56'  W.,  296.4  ft.;  BC  =  S.  21**  53'  W., 

338.7  ft.;  CD  =  301.0  ft.;  DA  =  406.8  ft.    Calculate  the  bear- 
ings of  Ct>  and  DA. 

196.  BC  =  S.  41°  45'  W.,  279.8  ft. ;  CD  =  N.  22*>  14'  W.,  286.4 
ft.;  DA  =  194.2  ft.;  AB  =  254.5  ft.  Calculate  the  bearings 
of  AB  and  DA. 

197.  AB  =  172.2   ft.;   BC  =  257.5  ft.;  CD  =  S.  63**  37'  E., 

298.8  ft.;   D4  =  N.  13°  25'  W.,  261.6  ft.     Calculate  the  bear- 
ings oi  AB  and  BC. 

198.  (In  this  problem  the  omitted  measurements  affect  sides 
which  are  not  adjacent.)     AB  =  N.  38°  40'  E.,  340.5  ft.;  BC  = 
S.  67°  07'  E.,  527.7  ft.;  CD  =  272.3  ft.;  DE  =  S.  84°  44'  W. 
669.6  ft. ;  EA  «  266.2  ft.    Calculate  the  bearii^^  oi  CD  ^\A  ^k. 
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199.   AB  =  Latitude    234.5  ft.   N.,  departure   181.4  ft.  E.; 
BC  =  Latitude   105.3  ft.   N.,   departure  356.4  ft.   E. ;    CD  = 
Latitude  262.1  ft.  S.,  departure  179.4  ft.  E.;  DE  =  385.6  ft.; 
EA  =  532.2  ft.     Find  the  lengths  of  AB,  BC,  and  CD,  and  the  j 
bearings  of  DE  and  EA. 


Exercise  0-5. 
Calculation  of  Omitted  Measurements. 

Miscellaneous  Problems. 

211.  In  the  figure  on  p.  405,  let  the  distances  Aa  =  49.3  ft., 
Bb  =  28.2  ft.,  Cc  =  33.4  ft.,  and  Dd  =  24.4  ft.  Angles  Aab  = 
90°  23',  cdD  =  102°  10'.  Find  the  bearings  and  lengths  of 
AB,  BC,  and  CD.     (See  p.  406.) 

212.  In  the  figure  on  p.-  177,  assume  the  bearing  of  BC  = 
N.  9°  15'  E.  (1)  From  the  notes  on  p.  176,  calculate  the  bear- 
ings of  A  B,  BC,  CD,  and  DA ,  and  also  the  bearing  of  the  line  from 
each  station  to  the  nearest  corner.  (2)  By  the  method  of  Case  I, 
p  401,  calculate  in  order  the  bearings  and  lengths  of  the  lines 
1-2,  2-3,  3-4,  and  4-1.     (See  illustration,  p.  402,  §  451  (c.)) 

213.  Same  as  Problem  212  except  use  the  method  illustrated 
on  p.  406. 

214.  By  the  method  of  Case  I,  p.  401,  calculate  the  bearings 
and  lengths  of  the  three  fence  lines  on  p.  183. 

215.  Same  as  Problem  214  except  use  the  method  illustrated 
on  p.  406. 

Problems  in  Mine  Surveying. 

216.  A  vertical  shaft  of  a  mine  is  located  at  a  point  A  and 
another  at  a  point  E.  A  point  E^  is  at  the  bottom  of  the  shaft 
directly  under  E.  An  underground  traverse  is  run  from  E'  end- 
ing at  a  point  A'  directly  under  A.  The  bearing  of  J^'F' was 
assumed  as  S.  89°  05'  E.  The  other  values  are  as  follows:  E'F'= 
294.76  ft.;  F'G'  =  S.  89°  22'  E.,  322.4  ft.;  G'W  =  N.  15°  59'  E., 
710  ft.;  H'P  =  N.  15°  06'  W.,  390.3  ft.;  /'A'  =  N.  63°  03'  W., 
259.5  ft.  Afterward  a  traverse  was  run  on  the  surface  of  the 
ground  as  follows:  AB  =  636.43  ft.;  ABC  =  100°  49',  fiC  = 
624.34  ft.;  BCD  =  180°  41'," CD  =  218.66  ft.;  CDE  =  148°  2^. 

DB  =  239.45  ft.    All  angles  ^eie  tcieaaxMred  clockwise.    The  troe 
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bearing  of  AB  was  determined  as  S.  44°  18'  W.  It  is  required  to 
correct  the  assumed  bearings  of  the  underground  survey  so  that 
they  will  be  true  bearings. 

Note:  As  far  as  possible  the  logarithmic  values  on  p.  393  may  be  used  in 
the  above  example. 

217.  A  traverse  is  run  on  the  surface  of  the  ground  as  follows: 
AB  =  S.  41°  22'  E.,  281.1  ft.;  ABC  =  110°  45',  BC  =  240.8  ft.; 
BCD  =  124°  30',  CD  =  339.7  ft.  Angles  measured  clockwise. 
At  Z)  a  vertical  shaft  is  sunk.  From  A  a  tunnel  is  run  in  a  north- 
easterly direction  at  right  angles  to  AB  for  160  ft.  to  a  point  E' 
underground.  It  is  then  desired  to  run  from  E'  to  a  point  D'  at 
the  bottom  of  the  shaft  directly  under  D.  What  angle  AE'D' 
should  be  turned  off  clockwise? 

If  the  elevation  of  A  is  260.18  ft.  and  of  D  428.16  ft.  how  deep 
will  the' shaft  be  from  D  to  D'  if  the  tunnel  from  A  to  E'  is  on  a 
5%  grade  and  from  E*  to  D'  on  a  6%  grade? 

218.  A  traverse  is  run  on  the  surface  of  the  ground  from  a 
point  A  to  a  point  E  as  follows:  AB  =  241.2  ft.;  Ai5C=  129°  50'; 
BC=204.3  ft.;  BCD  =  238°  46',  CD=334.3ft.;  CDE=125°  18', 
DE  =  380.2  ft.  The  bearing  of  DE  =  S.  54°  28'  E.  At  E  there 
is  a  vertical  shaft  at  the  bottom  of  which  is  E^  directly  under  E. 

An  underground  traverse  is  run  from  E'  to  a  point  H'  as  fol- 
lows: A  line  M'E'  is  established  directly  below  DE.  M'E'F'  = 
DE'F'  =  103°  12',  E'F'  =  396.3  ft.;  E'F'G'  =  118°  45',  FV  = 
431.1  ft. ;  F'G'H'=  151°  13',  G'^'= 346.3  ft.  All  angles  measured 
clockwise.  It  i^  desired  to  sink  a  vertical  shaft  from  a  point  H 
on  the  surface  directly  over  W.  H  is  to  be  located  by  two  inter- 
secting lines  passing  through  A  and  B  respectively,  and  checked 
by  a  third  line  passing  through  C.  Required  the  angles  BAH, 
ABH  and  BCH  and  the  lengths  AH,  BH  and  CH. 

219.  A  boundary  line  of  a  mining  claim  is  AB  =  S.  13°  30'  W., 
length  =  350.8  ft.  A  traverse  is  run  on  the  surface  from  A  to  D 
as  follows:  (angles  measured  clockwise)  ABC  =  91°  30',  BC  = 
226.4  ft.;  BCD  =  146°  05',  CD  =  290.2  ft.  At  D  is  a  vertical 
shaft,  Z)'  at  the  bottom  being  directly  under  D.  An  underground 
traverse  is  run  from  D'  to  G'  as  follows:  CD'E'  =  135°  10', 
Z)'^' =292.3  ft.;  D'E'F' =87°  20',  ^'F' =  192.1  ft.;  E'F'G' = 
110°  6',  FV  =  238.8'.  From  G'  it  is  desired  to  run  due  east  to  a 
point  H'  directly  under  the  boundary  line  AB.  Required  the 
distance  G'H'  and  the  distance  AH,  H  being  directly  ovet  H' . 
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Questions  on  the  calctUatian  of  omiUed  metuurements,  1.  Why 
is  the  check  given  at  the  top  of  p.  400  better  than  the  one  od 
the  preceding  page?  2.  How  may  triangulation  be  checked? 
(Remark  448  (c),  p.  400.)  3.  Can  triangulation  nets  be  solved  . 
by  right-angled  triangle  methods?  4.  Explain  by  a  sketch  the  I 
trigonometric  relations  between  bearing,  length,  latitude,  and 
departure.  5.  What  are  "missing  parts"  in  a  polygon  and 
how  many  parts  may  be  omitted  and  still  have  the  pK>Iygon 
determinate?  6.  What  are  the  four  general  cases  in  calcula- 
tion of  omitted  measurements?  p  401.  7.  What  is  the  principal 
difference  between  Case  I  and  the  other  three  cases?  8.  Explain 
the  method  of  Case  I.  9.  Explain  the  general  method  of  Cases 
II,  III,  and  IV.  10.  In  Cases  II,  III,  and  IV,  show  by  figure 
that  it  is  immaterial  whether  the  two  sides  affected  by  omitted 
measurements  are  adjacent  or  not,  p.  402,  §  451  (d).  11.  Why 
are  two  answers  possible  in  Cases  II  and  III?  12.  Explain  a 
second  method  used  for  Case  II  and  Case  III.  13.  When  is 
Case  IV  indeterminate?  14.  Answer  the  question  at  the  end 
of  the  chapter,  p.  406. 


GROUP  A, 

AREAS. 


Exercise  A-1. 
The  Use  of  the  Planimeter. 

Reference:  Page  408,  §  457. 

Directions:  Study  carefully  the  directions  of  §  457  (c)  and  the 
practical  suggestions  on  p.  409.  This  exercise  is  intended  merely 
to  teach  the  use  of  the  planimeter.  Additional  practice  in  the 
use  of  the  instrument  should  be  obtained  by  checking  the  areas 
found  in  some  of  the  other  exercises  by  computations. 

Problem:  Draw  accurately  a  circle  of  4^^  diameter,  a  square 
3^  on  a  side,  and  a  hexagon  inscribed  in  a  circle  b"  in  diameter. 
Using  the  planimeter  find  the  area  of  each  of  these  three  figures 
and  check  the  results  by  computations. 

Questions:  1.  Give  the  general  method  of  using  the  planim- 
eter. 2.  Does  it  make  any  difference  whether  the  fixed  point 
is  placed  within  or  without  the  boundary?  3.  Give  some 
practical  suggestions,  p.  409.  4.  What  tests  should  be  made 
before  using  the  planimeter?    General  direction,  p.  410. 

Exercise  A-2. 

To  Compute  Areas  Directly  from  Field  Measure- 
ments. 

Reference:  Page  410. 

Directions:  Compute  the  area  of  a  polygon  directly  from 
measurements  by  the  methods  explained  in  §  458,  giving  the 
answer  in  square  feet  and  in  acres.  Before  beginning  this 
exercise,  make  out  a  t^ble  in  which  43560  is  multiplied  by  each 
digit  from  2  to  9.  (See  p.  377.)  Do  not  carry  computations 
farther  than  the  data  will  warrant.     (See  p.  369,  §  425.) 

Problem:  (To  be  assigned  from  the  six  problems  given 

below.) 
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PROBLEMS. 

231.  The  lengths  of  the  sides  of  a  four-sided  p>olygon  are  as 
follows:  AB  =  91.0  ft.,  BC  =  83.9  ft.,  CD  =  113.9  ft.,  DA  = 
91.1  ft.  The  diagonal  AC  =  130.2  ft.  Find  the  area  of  the 
polygon. 

232.  The  lengths  of  the  sides  of  a  four-sided  polygon  are  as 
follows:  AB  =  75.3  ft.,  BC  =  129.6  ft.,  CD  =  97.0  ft.,  DA  = 
98.3  ft.  The  diagonal  AC  =  132.4  ft.  Find  the  area  of  the 
polygon. 

233.  The  lengths  of  the  sides  of  a  four-sided  polygon  are  as 
follows:  AB  =  120.4  ft.,  BC  =  83.6  ft.,  CD  =  76.4  ft.,  DA  = 
94.7  ft.  From  a  point  E  near  the  center  of  the  polygon  dis- 
tances are  as  follows:  EA  =  75.0  ft.,  EB  =  71.2  ft.,  EC  =  &i.7 
ft.,  ED  =  62.7  ft.     Find  the  area  of  the  polygon. 

234.  The  lengths  of  the  sides  of  a  four-sided  polygon  are  as 
follows:  AB  =  85.5  ft.,  BC  =  98.0  ft.,  CD  =  101.0  ft.,  DA  = 
99.0  ft.  From  a  point  E  near  the  center  of  the  polygon  dis- 
tances are  as  follows:  EA  =  54.9  ft.,  EB  =  63.3  ft.,  EC  = 
69.0  ft.,  ED  =  83.2  ft.     Find  the  area  of  the  polygon. 

235.  Find  the  area  of  the  polygon  in  Fig.  178,  p.  120.  See 
also  p.  410,  §  458  (c). 

236.  Find  the  area  of  the  polygon  ABCDy  p.  179.  See  also 
p.  410,  §  458  (c). 


Exercise  A-3. 
Calculation  of  Areas  from  Offsets. 

Reference:  Pages  411  to  413. 

Directions:  Where  offsets  are  at  regular  intervals  use  the 
**  Trap)ezoidal  Rule,"  p.  411.  Where  offsets  are  at  irregular 
intervals  use  the  first  method,  p.  412,  §.  459  (c),  and  check  by 
the  second  method,  arranging  the  work  in  determinate  array  as 
indicated  in  the  illustration  on  p.  413. 

Problem:  (To  be  assigned  from  the  four  problems  given 

below.) 
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PROBLEMS. 

241.  Offsets  at  25-ft.  intervals  are  as  follows:  0-f  0=20  ft., 
0+  26  =  14  ft.,  0  +  50  =  18  ft.,  0  +  75  =  6  ft.,  1  +  0  =  12  f t , 
1+  25=  16  ft.,  1  -f  50  =  21  ft.,  1+  75  =  18  ft.,  2  -f  0  =  14  ft. 
Find  the  area  in  square  feet. 

242.  Offsets  at  50-ft.  intervals  are  as  follows:  0  +  0  =  18  ft., 
0  +  50  =  23  ft.,  1+  0  =  36  ft.,  1  +  50  =  30  ft.,  2  +  0  =  16  ft., 
2  +  50  =  28  ft.,  3  +  0  =  37  ft.,  3  f  50  =  41  ft.,  4+0=21  ft. 
Find  the  area  in  square  feet. 

243.  Offsets  at  irregular  intervals  are  as  follows:  0  +  0  =  12  ft., 

0  +  20  =  18  ft.,  0  +  60  =  24  ft,  0  +  82  =  15ft.,  0+95  =23  ft., 

1  +  10  =  43  ft.,  1  +  28  =  31  ft.,  1  +  50  =  38  ft.,  1  +  90  =  17  ft., 

2  +  20  =  28  ft.,  2  +  40  =  20  ft.     Find  the  area  in  square  feet. 

244.  Offsets  at  irregular  intervals  are  as  follows:  0  +  0  =  46  ft., 

0  +  30  =  31  ft.,  0  +  50  =  38  ft.,  0  +  80  =  24  ft.,  0+96=12  ft., 

1  +  16  =  27  ft'.,  1  +  30  =  22  ft.,  1  +  70  =  14  ft.,  2+ 10=  28  ft., 

2  +  40  =  36  ft.,  2  +  70  =  25  ft.,  3  +  20  =  8  ft.  Find  the  area 
in  square  feet. 

Exercise  A-4. 

Calculatton  of  Areas  from  Latitudes  and  Double 

Longitudes. 

Reference:  Page  413. 

D'rections:  Follow  the  method  of  procedure  on  p.  416,  arrang- 
ing the  work  as  shown  at  the  bottom  of  p.  417.  It  is  well  at 
first  to  compute  the  areas  of  figures  whose  latitudes  and  depar- 
tures have  been  calculated  in  previous  problems  and  thus  avoid 
the  work  involved  in  the  first  step. 

Problem :  (To  be  assigned  from  the  sixteen  problems 

given  below.) 

PROBLEMS. 

•  Note:  In  each  of  the  first  seven  problems  the  student  may  use  the  lati- 
tudes and  departures  which  he  may  have  already  calculated  in  the  corre- 
sponding problem  on  p.  122.* 

251.  Calculate  the  area  of  the  polygon  in  Problem  71,  p.  122.* 

252.  Calculate  the  area  of  the  polygon  in  Problem  72,  p.  122.* 

253.  Calculate  the  area  of  the  polygon  irv  ProbVetft  1^,^.  V^^ 
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254.  Calculate  the  area  of  the  polygon  in  Problem  74,  p.  122.*    ; 

255.  Calculate  the  area  of  the  polygon  in  Problem  75,  p.  122.* 

256.  Calculate  the  area  of  the  polygon  in  Problem  76,  p.  122.* 

257.  Calculate  the  area  of  the  polygon  in  Problem  77,  p.  122.* 

258.  From  the  latitudes  and  departures  tabulated  on  p.  394, 
calculate  the  area  of  the  figure  on  p.  392. 

259.  Calculate  the  area  of  the  polygon  in  one  of  the  problems 
(to  be  assigned)  from  79  to  85  inclusive,  pp.  122,  123.* 

260.  Calculate  the  area  of  one  of  the  triangulation  nets  in 
Exercise  T-1,  p.  125,*  by  the  method  of  latitudes  and  double 
longitudes,  and  check  the  result  by  the  use  of  Formula  12,  p.  408. 

261.  Calculate  the  area  of  the  polygon  in  Problem  127,  p.  128.* 

262.  Calculate  the  area  of  the  polygon  in  Problem  128,  p.  128.* 

263.  Calculate  the  area  of  the  polygon  in  one  of  the  problems 
of  Exercise  0-2,  p.  129.* 

264.  Calculate  the  area  of  the  polygon  in  one  of  the  problems 
of  Exercise  0-3,  p.  131.* 

265.  Making  use  of  the  results  obtained  in  Problem  212,  p.  134,* 
find  the  area  in  square  feet  of  the  polygon  1-2-3-4  on  p.  177. 

266.  Making  use  of  the  results  obtained  in  Problem  214,  p.  134,* 
calculate  the  area  of  the  land  described  on  p.  183.  Use  the 
method  of  latitudes  and  double  longitudes  except  for  the  por- 
tion between  CB  and  the  edge  of  the  brook;  this  should  be 
calculated  from  the  offsets.  (See  also  illustration  at  bottom 
of  p.  419  for  explanation  of  method.) 

Questions:  1.  What  is  usually  taken  as  a  reference  merid- 
ian? p.  414.  2.  How  is  the  most  westerly  station  determined? 
p.  472.  3.  What  is  meant  by  the  first  and  last  courses?  p.  414. 
4.  What  is  the  longitude  of  a  course  and  how  is  it  obtained 
from  the  longitude  of  the  preceding  course?  5.  Explain  by 
means  of  a  sketch  the  general  method  of  calculating  areas 
from  latitudes  and  longitudes.  6.  Why  are  double  longitudes 
used  and  how  is  a  double  longitude  of  any  course  obtained 
from  the  longitude  of  the  preceding  course?  p.  416.  7.  Outline 
the  general  method  of  computing  areas  from  latitudes  and 
double  longitudes,  p.  416.  8.  What  are  some  of  the  sources  of 
mistakes?  p.  417.    9.  By  means  ol  «k  sketch  explain  the  method 
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of  computing  areas  from  coordinates,  p.  418.  10.  Explain  two 
general  methods  of  computing  irregular  areas,  p.  419.  11.  Com- 
pare the  two  methods,  p.  420. 

Exercise  A-5. 

To  Part  Off  a  Required  Area  by  a  Line  Having  a  Given 

Direction. 

Reference:  Case  I,  p.  422. 

Directions:  Follow  the  method  of  procedure  of  Case  I,  p.  422. 
Before  beginning  the  exercise  study  carefully  the  illustration  on 
p.  423. 

Problem:  .  (To  be  assigned  from  the  fourteen  problems  given 
below.) 

PROBLEMS. 

Note:  In  each  of  the  first  nine  problems  the  student  may  use  the  area 
already  calculated  in  the  corresponding  problem  on  p.  139  or  p.  140.* 

271.  Divide  the  polygon  in  Problem  253,  p.  139,*  into  two 
parts  having  equal  areas  by  a  line  parallel  to  CD. 

272.  Divide  the  polygon  in  Problem  254,  p.  140,*  into  two 
parts  having  equal  areas  by  a  line  parallel  to  DA, 

273.  Divide  jbhe  polygon  in  Problem  255,  p.  140,*  into  two 
parts  having  equal  areas  by  a  line  whose  bearing  is  N.  30°  W. 

274.  Divide  the  polygon  in  Problem  256,  p.  140,*  into  two 
parts  having  equal  areas  by  a  line  whose  bearing  is  N.  60°  W. 

275.  Divide  the  polygon  in  Problem  257,  p.  140,*  into  two 
parts  having  equal  areas  by  a  hne  whose  bearing  is  S.  60°  E. 

276.  Divide  the  polygon  in  Problem  258,  p.  140,*  into  two 
parts  having  equal  areas  by  a  line  whose  bearing  is  N.  75°  E. 

277.  Same  as  Problem  276  except  the  bearing  of  the  divid- 
ing line  is  N.  4°  W. 

278.  Divide  the  polygon  in  Problem  261,  p.  140,*  into  two 
parts  one  of  which  (bounded  by  the  line  NO)  has  an  area  double 
that  of  the  other.     The  bearing  of  the  dividing  line  is  N.  45°  W. 

279.  Divide  the  polygon  in  Problem  262,  p.  140,*  into  two 
parts  one  of  which  (bounded  by  the  line  MN)  has  an  area  double 
that  of  the  other.    The  dividing  line  is  parallel  to  MN", 


142  ABBAS. 

280.  Find  the  position  of  a  line  parallel  to  AB  which  wiD 
divide  the  polygon  ABCDEF  into  two  equal  parts.  The  lati- 
tudes and  departures  of  the  lines  are  as  follows:  AB  =^  400  ft.  S., 
800  ft.  E.;  BC  =  300  ft.  S.,  500  ft.  W.;  CD  =  600  ft.  S.,  400 
ft.  E.;  DE  =  200  ft.  S.,  1000  ft.  W.;  EF  =^  900  ft.  N.,  600 
ft.  W.;FA  =QO0  ft.  N.,  900  ft.  E. 

281.  Find  the  position  of  a  line  parallel  to  ED  which  wiD 
divide  the  polygon  ABODE  into  two  equal  p&rts.  The  lati- 
tudes and  departures  of  the  hues  are  as  follows:  EA  =  1500 
ft.  N.,  300  ft.  E.;  AB  =  400  ft.  S.,  800  ft.  E.;  ^C  =  300  ft.  S., 
500  ft.  W.;  CD  =  600  ft.  S.,  400  ft.  E.;  D^  =  200  ft.  S.,  1000  W. 

282.  Same  as  Problem  280  except  that  the  area  to  be  parted 
off  is  10  acres,  bounded  on  one  side  by  AB. 

283.  Same  as  Problem  281  except  that  the  area  to  be  parted 
off  is  8  acres,  bounded  on  one  side  by  ED. 

284.  Divide  the  land  described  on  p.  179  into  two  equal  parts 
by  a  line  perpendicular  to  the  street  line. 

Exercise  A-6. 

To  Part  Off  a  Required  Area  by  a  line  Starting  from 

a  Given  Point. 

Reference:  Case  II,  p.  424. 

Directions:  Follow  the  method  of  procedure  of  Case  II, 
p.  424.  Before  beginning  the  exercise  study  carefully  the  illus- 
tration on  p.  426. 

Problem:  .  (To  be  assigned  from  the  fourteen  problems 
given  below.) 

PROBLEMS. 

Note:  In  each  of  the  first  nine  problems  the  student  may  ti^e  the  area 
already  calculated  in  the  corresponding  problem  on  p.  139*  or  p.  140.* 

291.  Divide  the  polygon  in  Problem  253,  p.  139,*  into  two 
parts  having  equal  areas  by  a  line  starting  from  the  point  A. 

292.  Divide  the  polygon  in  Problem  254,  p.  140,*  into  two  parte 
having  equal  areas  by  a  line  starting  from  the  point  B. 

293.  Divide  the  polygon  in  Problem  255,  p.  140,*  into  two  parte 
having  equal  areas  by  a  Wne  sla.tV.m^  itom  a  point  half  way 
between  A  and  E. 
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294.  Divide  the  polygon  in  Problem  256,  p.  140,*  into  two 
parts  having  equal  areas  by  a  line  starting  from  a  point  half 
w&y  between  B  and  C, 

295.  Divide  the  polygon  in  Problem  257,  p.  140,*  into  two 
parts  having  equal  areas  by  a  lino  starting  from  a  point  half 
^ay  between  6  and  1. 

296.  Divide  the  polygon  in  Problem  258,  p.  140,*  into  two 
parts  having  equal  areas  by  a  line  starting  from  the  point  Q. 

297.  Same  as  Problem  296  except  the  dividing  line  starts  from 
/he  point  V  instead  of  Q. 

298.  Divide  the  polygon  in  Problem  261,  p.  140,*  into  two 
Darts  one  of  which  (bounded  by  the  line  NO)  has  an  area  double 
that  of  the  other.     The  dividing  line  starts  from  M. 

299.  Divide  the  polygon  in  Problem  262,  p.  140,*  into  two 
parts  one  of  which  (bounded  by  the  line  MN)  has  an  area  double 
that  of  the  other.     The  dividing  line  starts  from  Q. 

300.  Same  as  Problem  280  of  the  preceding  exercise,  p.  142,* 
3xcept  that  the  dividing  line  starts  from  A,  its  direction  being 
unknown. 

301.  Same  as  Problem  281  of  the  preceding  exercise,  p.  142,* 
except  that  the  dividing  line  starts  from  C,  its  direction  being 
unknown. 

302.  Same  as  Problem  282  of  the  preceding  exercise,  p.  142,* 
3xcept  that  the  dividing  line  starts  from  C,  its  direction  being 
unknown. 

303.  Same  as  Problem  283  of  the  preceding  exercise,  p.  142,* 
3xcept  that  the  dividing  line  starts  from  a  point  on  EA  500  ft. 
crom  E. 

304.  Divide  the  land  described  on  p.  179  into  two  equal  parts 
by  a  line  starting  from  the  middle  of  the  western  side. 
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EARTHWORK   CALCULATION. 


Exercise  E-1. 


To  Calculate  Earthwork  by  the  Method  of  Unit 

Areas. 

(All  cut  or  all  fill.) 

References:  Pages  428  to  430,  also  page  287,  §  362. 

Directions:  Before  beginning  the  computation  make  a  sketch 
as  directed  in  the  method  of  procedure  at  the  bottom  of  p.  430. 
Follow  this  method  of  procedure  closely,  observing  the  practical 
suggestion  on  p.  431. 

Problem:  (To  be  assigned  from  the  fourteen  problems 

given  below.) 

PROBLEMS. 

When  the  finished  surface  is  level. 

311.  A  rectangular  plot  is  divided  into  20-ft.  squares  and  the 
comers  are  numbered  according  to  the  system  shown  in  Fig. 
402  (c),  p.  341.  The  elevations  at  each  comer  in  feet  are  as 
follows: 


.40 
.41 
A2 
A3 

A4: 

A5 
A6 
BO 
Bi 


28.1 
26.2 
24.3 
27.1 
22.4 
21.9 
26.3 
25.2 
23.2 


R2 
BS 
B4 
B5 
BQ 
CO 
CI 
C2 
C3 


25.9, 
22.2, 
20.1, 
19.4, 
24.3, 
23.1, 
20.1, 
21.8, 
19.4, 


C4 

C5 

CG 

DO 

Dl 

D2 

DS 

D4 

Do 


17.6, 
16.1, 
18.4, 
20.2, 
17.4, 
16.9, 
15.4, 
14.5, 
13.2, 


D6 
EO 
El 
E2 
E3 

E4: 

E5 
EQ 
FO 


15.4, 
23.8, 
21.2, 
18.0, 
17.8, 
18.9, 
21.1, 
22.3, 
24.0, 


Fl 
F2, 
F3 
F4 
F5 
F6 


25.1, 
26.4, 
26.9, 
25.3, 
23.8, 
27.1. 


If  the  ground  is  graded  to  a  level  surface  whose  elevation  is 
12  ft.,  find  the  amount  of  earth  to  be  removed.     Answer  in 

cubic  yards, 

\4\ 


EARTHWORK  CAJLCULATION.  146 

312.  Same  as  Problem  311  except  it  is  required  to  find  the 
amount  of  earth  which  must  be  filled  in  to  bring  the  entire  lot  to 
a  level  surface  whose  elevation  is  30  ft. 

313.  Same  as  Problem  311  except  that  the  unit  area  is  a 
60-ft.  square  and  the  elevation  of  the  level  surface  is  8.4  ft. 

314.  Same  as  Problem  312  except  that  the  unit  area  is  a 
50-ft.  square  and  the  elevation  of  the  level  surface  is  28.1  ft. 

315.  Same  as  Problem  311  except  the  unit  area  is  a  50-ft. 
square  and  the  elevation  of  the  level  surface  is  9.9  ft. 

316.  Same  as  Problem  312  except  the  unit  area  is  a  50-ft. 
square  and  the  elevation  of  the  level  surface  is  29.2  ft. 

When  the  finished  surface  slopes  in  one  direction  only. 

317.  Assume  the  data  given  in  Problem  311.  The  elevation  of 
the  finished  surface  at  i40  and  FO  is  12  ft.,  and  this  surface  slopes 
downward  at  the  rate  of  1  ft.  per  100  ft.  to  the  line  between  A6 
and  FQ  which  is  horizontal.  Find  the  amount  of  earth  to  be 
removed. 

318.  Assume  the  data  given  in  Problem  311.  The  elevation  of 
the  finished  surface  at  A6  and  F6  is  30  ft.,  and  this  surface 
slopes  upward  at  the  rate  of  0.5  ft.  per  100  ft.  to  the  line  between 
AO  and  FO  which  is  horizontal.  Find  the  amount  of  earth  to 
be  added. 

319.  Same  as  Problem  317  except  the  slope  is  1.5  ft.  per  100  ft. 

320.  Same  as  Problem  318  except  the  slope  is  1.0  ft.  per  100  ft. 

When  the  finished  surface  slopes  in  two  directions. 

321 .  Assume  the  data  given  in  Problem  31 1 .  The  plane  of  the 
finished  surface  is  determined  by  two  lines,  one  from  AO  to  AQ, 
the  other  from  .A6  to  F6.  The  elevation  of  this  surface  at  ^40  is 
13  ft. ;  at  A6,  11.5  ft. ;  at  F6,  12.5  ft.  Find  the  amount  of  earth 
to  be  removed. 

322.  Same  as  Problem  321  except  the  elevation  of  the  finished 
surface  at  ^0  is  30  ft.;  at  A6,  31.2  ft.;  at  F6,  29.0  ft.  Find  the 
amount  of  earth  to  be  added. 

323.  Same  as  Problem  321  except  the  unit  area  is  a  50-ft.  square 
and  the  elevation  of  the  finished  surface  at  AO  is  10  ft.;  at  AQ, 
11.8  ft.;  and  at  F6,  12.3  ft. 
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324.  Same  as  Problem  322  except  the  unit  area  is  a  50-f t.  square 
and  the  elevation  of  the  finished  surface  at  AO  is  28.1  ft. ;  at  A6, 
29.9  ft.;  and  at  F6,  30.9  ft. 

Questions:  1.  What  is  meant  by  a  3  per  cent  grade  or  gradient? 
p.  428.  2.  How  are  the  elevations  at  different  points  corre- 
sponding to  a  given  grade  calculated?  p.  428.  3.  What  is  the 
cut  or  fill  at  any  point,  and  the  corresponding  algebraic  signs? 
p.  429.  4.  What  is  a  polyhedron;  a  truncated  prism;  a  right- 
truncated  prism?  p.  429.  5.  What  is  the  volume  of  a  truncated 
prism  equal  to?  6.  Give  the  general  method  of  calculating 
earthwork  from  unit  areas,  p.  429.  7.  Explain  the  method  of 
procedure  when  the  finished  surface  slopes  in  one  direction; 
when  it  slopes  in  two  directions.  8.  Explain  the  method  of 
procedure  when  the  outline  of  an  area  is  not  rectangular,  p.  431. 

9.  Give   suggestions:  (a)   For  a   systematic  method   of   com- 
putation, p.  431 ;  (b)  as  regards  the  size  of  a  imit  square,  p.  432. 

10.  In  very  uneven  ground  how  may  the  method  of  unit  rec- 
tangles or  squares  be  modified  to  obtain  greater  accuracy?  p.  432. 


Exercise  E-2. 

To  Calculate  Earthwork  by  the  Method  of  Unit 

Areas. 

(Irr^ular  Boundaries.) 

This  exercise  is  the  same  as  the  preceding  exercise  except  that 
the  outline  of  the  area  to  be  graded  is  not  rectangular,  but 
irregular.  The  instructor  should  make  up  a  problem  similar  to 
that  indicated  in  Fig.  467  (g),  p.  431,  or  Fig.  468,  p.  432,  estab- 
lishing the  elevations  for  the  finished  surface  in  such  a  way  that 
it  will  lie  entirely  below  or  above  the  original  surface,  i.e.,  so 
that  the  grading  will  be  all  cut  or  all  fill. 
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Exercise  E-3. 

To  Estimate  Cut  and  Fili  by  tlie  Metliod  of 

Unit  Areas. 

Reference:  Page  432,  §  468. 

Directions:  Before  beginning  the  computation,  make  a  sketch 
»8  directed  in  the  method  of  procedure  at  the  bottom  of  p.  430. 
Determine  by  interpolation  the  points  where  there  is  neither  cut 
nor  fill.  (See  p.  433.)  Calculate  separately  the  cut  and  the 
fill,  each  by  the  method  of  §  467  (e),  p.  430.  For  the  methods 
of  interpolation  see  §  469,  p.  433;  also  p.  497. 

Problem:  (To  be  assigned  from  the  thirteen  problems 

given  below.) 


PROBLEMS. 

When  the  finished  surface  is  level, 

331.  A  rectangular  plot  is  divided  into  20-ft.  squares  and  the 
comers  are  numbered  according  to  the  system  shown  in  Fig.  402 
(c),  p.  341.    The  elevations  at  each  comer  in  feet  are  as  follows: 

B3  =  41.6,      C6  =  36.0,     E2  =  38.7,     F5  =  33.2, 


AO  =  42.4 
Al  =-  41.3 
A2  =  42.1 
A3  -  43.2 
ii4  =  39.6 
A5  =  38.7 
A6  =  36.3 
BO  «  43.1 
Bl  =  44.0 
B2  =  42.8 


B4  =  39.9, 
B5  =  39.2, 
B6  =  37.1, 
CO  =  44.2, 
CI  =  45.6, 
C2  =  43.9, 
C3  =  42.1, 
C4  =  41.8, 
C5  =  39.9, 


DO  =  41.6 
Dl  =  40.9 
D2  =  41.0 
D3  =  41.4 
2)4  =  40.3 
2)5  =  39.1 
DO  =  36.9 
^0  =  42.6 
El  =  41.4 


ES  =  36.3, 
E4  =  37.2, 
E5  =  36.1, 
EQ  =  35.0, 
FO  =  43.2, 
Fl  =  42.1, 
F2  =  37.8, 
FS  =  35.4, 
F4  =  34.6, 


F6  =  31.7, 
CO  =  45.8, 
CI  =  43.4, 
C2  =  41.2, 
C3  =  39.7, 
C4  =-  37.4, 
C5  =  31.0, 
C6  =  30.0. 


Calculate  the  cut  and  fill  required  to  grade  the  plot  to  a  level 
surface  whose  elevation  is  40.0  ft.     Answer  in  cubic  yards. 

332.  Same  as  Problem  331  except  the  elevation  of  the  level 
surface  is  39.0  ft. 

333.  Same  as  Problem  331  except  that  the  unit  area  is  a  50-ft. 
square  and  the  elevation  of  the  level  surface  is  37.0  it. 
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334.  Same  as  Problem  331  except  that  the  unit  area  is  a  50-ft 
square  and  the  elevation  of  the  level  surface  is  42.0  ft. 

335.  What  should  be  the  elevation  of  the  level  surface  in  Prob- 
lem 331  in  order  to  make  cut  and  Gil  equal? 

When  the  finished  surface  slopes  in  one  direction  only. 

336.  Assume  the  data  given  in  Problem  331.  The  elevation  of 
the  j&nished  surface  at  AO  is  40.0  ft. ;  atA6,  38.5  ft. ;  at  GO,  40-8  ft. ; 
and  at  (76,  38.5  ft.  Calculate  the  cut  and  fill  in  grading  to  a 
plane  surface  determined  by  these  four  elevations. 

337.  Same  as  Problem  336  except  the  elevations  are  as  follows: 
AO,  41.0  ft.;  A6,  38.0  ft.;  GO,  41.0  ft.;  (76,  38.0  ft. 

338.  Same  as  Problem  336  except  the  unit  area  is  a  50-ft.  square 
and  the  elevations  are  as  follows:  AO,  39.0  ft.;  A6,  37.5  ft.; 
GOy  39.0  ft. ;  (76,  37.5  ft. 

339.  Same  as  Problem  336  except  the  unit  area  is  a  50-ft.  square 
and  the  elevations  are  as  follows:  AO,  41.0  ft.;  AG,  39.2  ft.; 
(70,  41.0ft.;G6,  39.2  ft. 

When  the  finished  surface  slopes  in  two  directions, 

340.  Assume  the  data  given  in  Problem  331.  The  plane  of  the 
finished  surface  is  determined  by  two  lines,  one  from  AO  to  ^46, 
the  other  from  A6  to  G6.  The  elevation  of  this  surface  at  -40  is 
42.0  ft. ;  at  A6,  40.2  ft. ;  at  (76,  38.4  ft.    Calculate  the  cut  and  fill. 

341.  Same  as  Problem  340  except  the  elevation  of  the  finished 
surface  at  AO  is  41.8  ft.;  at  A6,  38.2  ft.;  at  (76,  39.4  ft. 

342.  Same  as  Problem  340  except  the  unit  area  is  a  50-ft.  square 
and  the  elevation  of  the  finished  surface  at  AO  is  40.2  ft.;  at 
A6,  39.0  ft.;  at  (76,  37.2  ft. 

343.  Same  as  Problem  340  except  the  unit  area  is  a  50-ft. 
square  and  the  elevation  of  the  finished  surface  at  AO  is  39.0  ft.; 
at  A6,  40.2  ft.;  at  (76,  38.4  ft. 

Exercise  E-4. 

To  Calculate  Cut  and  FUl  by  the  Method  of 

Unit  Areas. 

(Irregular  Boundaries.) 
This  exercise  is  the  same  as  Exercise  E>-2,  p.  146,*  except  that 
the  finished  surface  is  such  that  the  calculations  will  be  for  botb 
cut  and  M,  instead  of  ior  a\\  cut,  or  for  all  fill. 
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Exercise  E-5. 

Calculation  of  Eartliworlc  for  Ditclies  and  Em- 

banlanents. 

Reference:  Page  434,  §  470. 

Direction!^:  Find  the  area  of  each  cross-section  in  succession, 
either  by  the  use  of  the  planimeter  or  by  calculation,  and  apply 
the  *'end  area"  formula  to  the  solids  between  the  respective 
cross-sections  as  explained  in  §  470. 

Note:  If  desired,  the  problems  may  also  be  solved  by  the ."  prisraoidal 
formula."  The  problems  are  made  simple  purposely,  it  being  taken  for 
granted  that,  in  most  cases,  the  student  will  study  this  part  of  the  subject 
to  better  advantage  in  connection  with  railway  surveying. 


PROBLEMS. 

351.  A  ditch  is  8.0  ft.  wide  at  the  bottom,  and  falls  0.5  ft. 
in  100  ft.;  its  sides  slope  outward  1^  horizontal  to  1  vertical. 
The  elevation  at  the  bottom  of  the  ditch  at  0  -I-  0  ==  20.0  ft. 
Th«  elevations  of  the  three  points  on  the  surface  of  the  ground  at 
each  station  are  as  follows:  at  0  +0,  C  (the  center  height)  =' 
32.1  ft.y  R  (the  right-hand  edge  of  the  ditch)  =«=  31.1  ft.,  L  (the 
left-hand  edge  of  the  ditch)  =  33.6  ft.;  at  0  +  60,  C  -  31.6  ft., 
R  =  30.8  ft.,  L  =  32.4  ft.;  at  1+  00,  C  «  30.1  ft.,  R  =«  2S8.7  ft., 
L  =  31.0  ft.;  at  1  +  50,  C  =  28.2  ft.,  R  =  26.4  ft.,  L  =  29.1  ft.; 
at  2+  00,  C  =  24.3  ft.,  R  =  23.1  ft.,  L  =  25.3  ft.  Calculate 
the  earth  to  be  removed  from  the  portion  of  the  ditch  given 
above. 

352.  Same  as  Problem  351  except  the  bottom  of  the  ditch  is 
10.0  ft.  wide  and  the  sides  slope  outward  IJ  horizontal  to  1 
vertical. 

« 

353.  Assume  the  elevations  on  the  surface  of  the  ground  to  be 
the  same  as  in  Problem  351.  It  is  desired  to  build  an  embank- 
ment, the  top  of  which  is  8.0  ft.  wide  and  at  an  elevation  of 
36.0  ft.  The  sides  slope  IJ  horizontal  to  1  vertical.  Calculate 
the  total  fill. 

354.  Same  as  Problem  353  except  the  top  of  the  embankment 
is  10.0  ft.  wide  and  at  an  elevation  of  38.0  ft.  The  sides  slope 
I J  horizontal  to  1  vertical. 
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QuiBsttans:  1.  Define  prismoid.  2.  A  transverse  slope  is  de- 
noted by  the  horizontal  distance  which  corresponds  to  a  vertical 
distance  of  one  unit.  How  does  this  differ  from  the  method 
ordinarily  used  in  denoting  a  longitudinal  slope  (commonly  called 
grade")?  3.  Give  the  "end  area"  formula.  4.  Give  the 
prismoidal"  formula.  5.  Which  gives  the  better  results? 
6.  In  the  **  prismoidal "  formula  is  the  area  M  the  mean  of  the 
two  end  areas ;  how  is  it  obtained?  7.  What  is  meant  by  "  Uuee- 
level "  cross-sections?  8.  For  "  three-level "  sections  how  may 
the  work  of  computation  be  shortened? 


Exereise  E-6. 
To  Estimate  Cut  and  FiU  from  a  Contour  Map. 

Reference:  Page  435. 

Directians:  The  problem  in  this  exercise  is  to  estimate  the  cut 
and  fill  from  a  contour  map,  using  one  or  more  methods  explained 
in  §  471,  p.  435.  A  contour  map  already  plotted  may  be  used, 
or  a  fictitious  map  similar  to  that  shown  in  Fig.  471  (a),  p.  435, 
may  be  drawn  and  used  as  a  basb  for  computation. 

Questions:  1.  Explain  in  detail  the  first  method,  p.  435. 
2.  Explain  the  second  method,  p.  436.  3.  Explain  the  third 
method,  p.  436,  illustrating  it  by  means  of  a  sketch. 


GROUP  P. 

EXERCISES  IN  PLOTTING. 


Exercise  P-l. 
Use  of  Drawing  Instruments. 

References:  Pages  438  to  442  and  pages  445  to  449. 

Preparations  of  instruments:  1.  First  of  all,  sharpen  the  pencil 
properly  and  then  keep  it  sharp.  See  remark,  p.  438.  Every 
student  is  required  te  keep  at  hand  a  piece  of  ^andpaper  and  a 
cloth  which  may  be  suspended  from  the  comer  of  the  drawing 
table  for  convenience.  2.  Insert  a  hard  lead  in  the  compasses 
and  sharpen  it  to  a  cone  shape  point.  See  p.  442,  §  478  (1). 
3.  Adjust  the  pivot  needle,  p.  442,  §  478  (2).  4.  Make  a 
pricking  point  by  inserting  a  needle  in  a  wooden  or  a  wax  handle. 
See  p.  448,  §  486.  5.  Test  the  edge  of  the  T-sfluare  for  straight- 
ness.  See  footnote,  p.  438.  6.  Test  the  left  hand  edge  of  the 
drawing  board  for  straightness  by  bringing  the  upper  edge  of  the 
T-square  into  contact  with  it.  In  a  similar  manner  see  if  the  sur- 
face of  the  board  is  a  plane.  7.  Test  the  triangles  as  directed  in 
the  footnote,  p.  439.  8.  Either  during  this  exercise  or  previous 
to  the  next  exercise,  the  student  should  prepare  a  protractor 
similar  to  that  described  on  p.  456,  §  493  (c). 

Note:  While  the  student  is  supposed  to  have  had  a  course  in  mechanical 
drawing  before  banning  this  course,  nevertheless,  it  will  be  found  advan- 
tageous to  devote  the  first  exercise  in  plotting  to  a  drill  in  those  methods 
of  drafting  which  are  of  especial  importance  in  mapping.  The  exercise 
will  be  of  little  value,  however,  unless  the  student  is  careful  to  observe  the 
precautions  outlined  above,  precautions  which,  if  taken  throughout  the 
course,  will  enable  him  to  secure  more  accurate  results  than  he  otherwise 
could.  Additional  suggestions  for  drafting  should  be  reviewed  in  a  recita- 
tion on  the  questions  given  at  the  end  of  this  exercise. 

PROBLEMS. 

361.  (1)  Draw  a  horizontal  line  about  10*  long.  (Read  §  483, 
p.  446.)  (2)  Set  the  zero  mark  of  the  scale  at  an  assumed  point 
A  on  the  horizontal  line,  and  withovi  moving  the  scale  lay  off  in 
succession  to  a  scale  of  1*  «  20'  —  0*  the  foUowitki^  d\s^»3CfiR»^\ 
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i4B=30  ft.,  BC=42  ft.,  CD =65.5  ft.,  and  i>£= 21.5  ft.     Check: 

AE  =  150.0  ft.     (Read  §  475,  p.  440,  and  §  486,  p.  448.)     (3) 

Draw  a  second  horizontal  line  about  10*  long,  and  in  a  sunilar 

manner  lay  off  (to  a  scale  of  l''=40'-0'):  0  +  40,  0  +  60, 

1  +  10, 1  +  75,  2  +  38,  3  +  17.     (Read  §  486  (a),  p.  449.) 

Note:  In  inspectinc  the  above  work  the  imtnietor  will  note:  (1)  If  the 
pencil  18  sharpened  correctly.  (2)  If  fine,  almost  invisible  prick-marks 
and  frediand  circles  have  been  used.     (3)  If  lengths  are  correct. 

362.  (1)  Draw  a  line  about  6"  long  at  45°  to  the  horizontal, 
and  mark  two  points  on  it  A  and  B^  128.2  ft.  apart  to  a  scale  of 
1^^=  30'—  0*.  (2)  By  means  of  the  compasses  and  scale,  estab- 
lish a  point  C  98.5  ft.  from  A  and  120.6  ft.  from  B.  Draw  only 
one  arc.     (Read  §  478,  p.  442.) 

Note:  In  inspecting  the  above  work  the  instructor  will  note  if  the  com- 
passes were  used  correctly,  and  if  the  three  lengthy  are  correct.  If  a  vtsibie 
hole  was  left  in  the  paper  by  the  pivot  needle  of  the  compasses,  it  is  evident 
Ihat  either  the  legs  w««  not  bent,  or  too  much  ixessure  was  exerted. 

363.  (1)  Draw  a  line  at  random  about  10*  long  and  inclined 
about  10"*  to  the  horizontal.  (2)  Mark  off  on  this  line  421  ft.  to 
a  scale  of  1"  =  50'— 0*.  (3)  At  one  end  of  this  length  erect  a 
perpendicular  about  10*  long  by  using  two  triangles.  (Read  J  474 
(l),p.439.)  (4)  Lay  off  328  ft.  on  this  perpendicular.  (5)  Com- 
plete the  421  X  328  ft.  rectangle  without  further  measurement 
by  drawing  parallel  lines  with  the  two  triangles.  (Read  §  474 
(3),  p.  439.)  (6)  (]!heck  the  rectangle  by  measuring  the  lengths 
of  the  two  diagonals. 

Note:  In  inspecting  the  above  work  the  instructor  will  note:  (1)  If 
light  hair-lines  have  been  used,  and  if  the  lines  intersect  sharply  at  cor^ 
ners,  running  beyond  instead  of  stopping  short.  (2)  If  ri^t  methods  fA 
erecting  perpendiculars  and  drawing  parallel  lines  were  employed.  (3)  If 
the  lengths  of  the  sides  of  a  rectangle  and  of  its  diagonals  are  correct. 

Questions:  1.  What  is  the  purpose  of  sharpening  one  end  of 
^he  pencil  to  a  wedge  shape  edge?  p.  438.  2.  How  close  to  the 
niling  edge  should  pencil  lines  be  drawn?  p.  438.  3.  Give 
"idditional  suggestions  for  penciling,  p.  446.  4.  Give  suggestions 
for  the  use  of  the  T-square,  p.  438.  5.  Why  should  not  the 
T-square  be  used  against  the  top  or  bottom  of  the  board  for  draw- 
ing vertical  lines?  p.  439.  6.  What  is  the  incorrect  way  of  erect-  I 
iog  a  perpendicular  line  by  means  of  a  triangle?  7.  How  should 
the  triangles  be  used  for  erecting  perpendiculars;  for  drawing 
parallel  Unes?  p.  439.  8.  Explain  the  use  of  the  decimal  scale, 
p.  440.  9.  Give  additional  suggestions  for  laying  off  measure- 
menU  SiS  regards  marking  points;  use  of  divideis;  arithmetical 
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work;  estimating  fractions  of  a  foot;  setting  the  compasses  to  a 
given  radius;  detecting  large  errors;  detecting  small  errors; 
avoiding  the  use  of  the  wrong  edge  of  the  scale;  laying  off  plus 
stations,  p.  448.  10.  What  is  the  proper  use  of  the  dividers; 
the  improper  use;  use  of  proportional  dividers?  p.  441.  11.  Give 
suggestions  for  the  use  of  the  compass,  p.  442.  12.  Give  sug- 
gestions for  the  use  of  the  curve-ruler,  p.  442.  13.  Give  sugges- 
tions for  fastening  the  paper  to  the  board,  p.  445.  14.  Give 
precautions  to  insure  neatness,  p.  445.  15.  Give  suggestions 
for  erasing  as  regards  erasing  pencil  lines;  keeping  the  eraser 
clean;  erasing  ink  lines;  restoring  the  surface  of  the  paper;  use 
of  an  erasing  shield ;  cleaning  tracings,  p.  447. 

Exercise  P-^. 

Methods  of  Plotting  Angles. 

Reference:  Chapter  XXXVIII,  p.  455. 

Directions:  The  angles  in  each  problem  of  this  exercise  should 
be  plotted  with  as  great  accuracy  as  the  method  used  in  that 
problem  will  permit.     Use  hair-lines  and  prick  the  points. 

PROBLEMS. 

* 

371 .  Draw  a  horizontal  line  396  ft.  long  to  a  scale  of  T  =  50'  -  0". 
By  means  of  the  protractor  lay  off  at  one  end  of  this  line  an 
angle  of  38**  20'  and  at  the  other  end  an  angle  of  51**  40'.  The 
two  lines  thus  obtained  and  the  original  line  should  form  a  right* 
angled  triangle ;  test  the  right  angle  by  means  of  the  two  instru- 
mental triangles.  (In  using  the  protractor,  minutes  of  arc  are 
estimated.) 

372.  Same  as  Problem  371  except  use  the  tangent  method 
for  plotting  angles,  p.  458. 

373.  Same  as  Problem  371  except  use  the  cosine  and  sine 
method,  p.  459. 

374.  Same  as  Problem  371  except  use  the  chord  method, 
p.  459. 

375.  Compare  the  results  by  drawing  an  arc  of  6"  radius  for  each 
of  the  angles  in  the  above  problems,  and  by  means  of  the  dividers 
see  if  the  corresponding  chords  are  of  the  same  length  in  all  four 
figures. 
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Questions:  1.  Name  five  methods  of  plotting  an^es,  p.  455. 
2.  Give  suggestions  for  centering  the  protractor,  p.  455.  3.  Giw 
three  methods  of  laying  ofif  an  angle  greater  than  180°,  p.  456. 
4.  How  closely  can  angles  be  plotted  with  an  ordinaiy  pro- 
tractor? p.  456.  5.  What  is  a  vernier  protractor?  p.  456. 
6.  What  is  the  advantage  of  the  form  of  protractor  shown 
on  p.  456?  7.  Give  suggestions  for  making  such  a  protractor, 
p.  457.  8.  Explain  the  tangent  method  of  plotting  angles, 
p.  458.  9.  Why  is  it  advantageous  to  use  a  lO*  base?  10.  When 
an  angle  exceeds  45°  how  is  it  plotted?  11.  Explain  methods 
of  plotting  angles  a  little  greater  or  less  than  90°;  180°;  270*. 
12.  Give  practical  suggestions  as  regards  erecting  perpendicu- 
lars; laying  off  hundredths  of  an  inch;  using  a  base  laiger  or 
smaller  than  10  inches ;  checking  angles  roughly ;  detecting  small 
mistakes;  laying  off  angles  in  the  field,  p.  459.  13.  Explain  the 
cosine  and  sine  method  of  plotting  angles  and  give  the  check, 
p.  459.  14.  Explain  the  chord  method  of  plotting  angles, 
p.  459.  15.  Give  practical  suggestions  for  the  chord  method 
as  regards  use  of  beam  compasses  and  scale;  a  home-made 
device;  use  of  5"  radius;  use  of  8",  9",  or  12^^  radius.  16.  Explain 
why,  if  the  radius  is  10''  and  fiftieths  on  the  scale  are  used,  it  is 
not  necessary  to  multiply  the  sine  of  half  the  angle  by  2. 
See  Fig.  496  (c),  p.  460.  17.  What  is  the  largest  angle  that  can 
be  laid  off  conveniently  by  the  chord  method  without  erecting  a 
perpendicular?  18.  Compare  the  different  methods  of  plotting 
angles,  p.  461.  19.  Explain  the  three-point  problem  in  plotting 
by  the  graphic  method ;  by  the  algebraic  method. 


Methods  of  Plotting  Traverses. 

(Introductory.) 

Before  beginning  to  plot  surveys  from  notes  taken  in  the  field, 
it  is  well  for  the  student  to  have  a  preliminary  drill  in  the  different 
methods  of  plotting  traverses.  For  this  purpose  it  is  advisable 
to  select  a  polygon  of  four  or  five  sides  from  among  the  problems 
given  on  p.  122,*  and  to  plot  this  polygon  by  each  of  the  general 
methods  explained  in  Chapter  XXXIX,  p.  463.  He  will  thus 
obtain  a  knowledge  of  the  advantages  and  disadvantages  of  the 
different  methods  when  applied  to  the  same  polygon.  As 
pointed  out  on  p.  463,  for  each  of  the  four  methods  of  plotting 
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traverse  lines  there  are  four  methods  of  plotting  angles,  but  it 
is  not  worth  while  to  plot  the  polygon  sixteen  times  for  the  sake 
of  illustrating  each  of  these  methods  since  many  of  them  are  so 
nearly  alike.  The  methods  chosen  for  the  seven  succeeding 
exercises  have  been  selected  with  a  view  of  bringing  out  the  most 
important  points  connected  with  plotting  traverses.  In  each 
exercise  the  choice  of  scale  is  left  to  the  student  or  to  the  instruc- 
tor. If  desired,  different  scales  may  be  employed  for  the  different 
problems,  care  being  taken  that  the  scale  is  not  so  large  that  the 
polygon  will  run  off  the  paper,  or  so  small  that  the  accuracy  of 
the  work  is  impaired.  It  is  not  advisable  to  ink  the  drawings,  as 
time  can  be  spent  to  better  advantage  in  other  work. 


Exercise  P-3. 

Plotting  Traverses  with  a  Protractor. 

Reference:  Page  464,  §  502. 

Directions:  1.  Assume  one  side  of  the  polygon  in  any  posi- 
tion on  the  paper  that  will  permit  the  rest  of  the  polygon  to  be 
plotted  without  running  off  the  paper.  2.  Plot  the  polygon, 
using  the  protractor  for  laying  off  angles,  and  the  scale  for 
laying  off  lengths.  3.  Not  only  should  the  line  from  the  last 
station  pass  through  the  first  station,  but  the  distance  from  the 
former  to  the  latter,  as  scaled  on  the  drawing,  should  be  equal 
to  that  given  in  the  notes.  The  student  should  make  this  test 
when  the  polygon  is  completed. 

Problem:    Plot  the  polygon  of  Problem        ,  p.  (To  be 

assigned  by  the  instructor  from  the  problems  on  p.  122.*) 

Questions:  1.  Why  is  it  important  to  plot  traverse  lines 
with  great  accuracy?  p.  463.  2.  How  great  an  error  in  feet 
may  be  caused  by  the  width  of  a  line?  3.  When  may  a  pro- 
tractor be  used  consistently  for  plotting  traverses?  p.  464. 
4.   Give  precautions  for  centering  protractor,  p.  464. 
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Exercise  P-^. 
Tangent  Method  of  Plotting  Traverses. 

Reference:  Page  464,  §  503  (a). 

Directions:  1.  Make  a  rough  freehand  sketch  in  the  note- 
book and  enter  on  this  sketch  the  lengths  and  the  angles  to  be 
plotted.  (Angles  are  not  necessarily  the  same  as  those  given  in 
the  notes.)  Check  this  data  before  proceeding.  2.  Make  out 
a  table  corresponding  to  that  at  the  top  of  p.  465.  3.  Plot 
each  of  the  transit  lines  in  succession  by  the  tangent  method. 
Check  each  angle  roughly  with  the  protractor  as  soon  as  plot- 
ted. 4.  Check  the  length  as  well  as  the  direction  of  the  last 
line. 

Problem:  Same  as  the  problem  in  Exercise  P-3  except  that 
the  tangent  method  is  used  for  plotting  angles. 

Questions:  1.  Explain  the  tangent  method  of  plotting  trav- 
erses, p.  465.  2.  If  the  closing  line  passes  through  the  first 
station  and  is  of  the  right  length  on  the  drawing,  what  addi- 
tional check  may  be  applied?  p.  465.  3.  When  a  traverse  has 
a  large  number  of  sides,  what  check  should  be  appUed  at  every 
fourth  or  fifth  station?  p.  466,  §  503  (c). 


Exercise  P-6. 
Chord  Method  of  Plotting  Traverses. 

Reference:  Page  465,  §  503  (b). 

Directions:  Same  as  for  the  preceding  exercise  except  that 
the  table  made  out  in  the  note-book  corresponds  to  that  at  the 
bottom  of  p.  465.  It  may  also  be  advisable  to  plot  deflection 
angles  at  stations  where  the  interior  angles  are  very  obtuse. 

Problem:  Same  as  the  problem  in  Exercise  P-3  except  that 
that  the  chord  method  is  used  for  plotting  angles. 

Questions:    1.   Explain  the  chord  method  for  plotting  trav- 
erses, p.    465.     2.   Give   the   checks   to    be   employed   in   this 
method,  p.  466.     3.   Give  the  method  of  plotting  by  deflection 
angles,  p.  466. 
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Exercise  P-^. 
Plotting  Traverses  by  Bearings. 

(Tangent  Method.) 

Reference:  Page  467,  §  505. 

Directiom:  1.  If  the  bearings  of  the  lines  are  not  given,  cal- 
culate them  from  the  angles  at  the  stations.  2.  Make  a  sketch 
in  the  note-book  showing  the  bearing  of  each  line  and  its  length. 
3.  Prepare  a  table  in  the  note-book  corresponding  to  that  at 
the  top  of  p.  469.  4.  Find  the  direction  of  each  line  from  its 
bearing  by  the  method  illustrated  in  Fig.  505  (a),  p.  468,  or 
Fig.  505  (b),  p.  469,  preferably  the  latter  method.  Whichever 
method  is  used  do  not  fail  to  test  the  square  and  to  mark  each 
line  as  soon  as  obtained  with  its  letters  or  its  numbers  as  shown 
in  the  figures  referred  to  above.  5.  Plot  the  polygon  in  any 
position  which  will  bring  it  wholly  within  the  limits  of  the  paper, 
by  transferring  the  direction  of  each  line  of  the  polygon  to  its 
proper  place  in  the  plot.  Check  each  angle  of  the  polygon 
roughly  as  soon  as  it  is  obtained,  using  the  protractor  for  this 
purpose.     6.   Apply  the  usual  tests  to  the  closing  line. 

Problem:  Same  as  the  problem  in  Exercise  P-3  except  that 
the  sides  of  the  polygon  are  plotted  from  their  bearings  by  the 
tangent  method. 

Questions:  1.  Explain  the  general  method  of  plotting  trav- 
erses by  bearings,  p.  467.  2.  What  bearings  are  plotted?  See 
Note,  p.  467.  3.  Give  two  general  methods  of  procedure, 
p.  467.  4.  In  either  method  what  is  the  most  convenient 
meridian  to  assume?  p.  467.  5.  When  is  it  convenient  to  use 
a  T-square  with  an  adjustable  head?  p.  468.  6.  Explain  the 
tangent  method  of  plotting  bearings,  p.  468.  7.  Explain  the 
corresponding  modified  method,  p.  469.  8.  Explain  the  chord 
method  of  plotting  bearings,  p.  469.  9.  Explain  the  corre- 
sponding modified  method,  p.  470.  10.  Give  the  checks  to  be 
employed,  p.  471.  11.  Give  one  of  the  chief  objections  to 
plotting  traverses  by  bearings,  p.  471.  12.  To  what  kind  of 
work  is  this  method  best  suited? 
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Exercise  P-7. 
Plotting  Traverses  by  Bearings. 

(Chord  Method.) 

Reference:   Page  469,  §  505  (c)  and  §  505  (e). 

Directions:  This  exercise  might  be  made  exactly  like  the 
preceding  exercise,  using  the  chord  method  instead  of  the  tang^t 
method  in  plotting  bearings.  This  would  involve  little  that  is 
new,  hence  it  is  better  to  employ  the  method  of  §  505  (e),  p.  470, 
drawing  a  new  meridian  at  each  station.  Follow  the  directions 
of  the  preceding  exercise  except  where  they  conflict  with  the 
method  used  in  this  exercise. 

Problem:  Same  as  the  problem  in  Exercise  P-3  except  that 
the  sides  of  the  polygon  are  plotted  from  their  bearings,  a  ref- 
erence meridian  being  drawn  at  each  station  and  the  correspond- 
ing bearing  plotted  by  the  chord  method. 

Questions:  1.  Explain  the  method  of  plotting  bearings  fiom 
a  reference  meridian  at  each  station,  p.  470.  2.  Compare  this 
method  with  the  method  of  the  preceding  exercise.  3.  Outline 
another  method  sometimes  used  for  large  maps.  p.  471. 
4.   What  is  the  advantage  of  this  method? 

Exercise  P-8. 
Plotting  Traverses  by  Azimuths. 

Reference:  Page  471,  §  506. 

Directions:  1.  Change  the  bearings  of  the  sides  of  the  poly- 
gon in  the  preceding  exercise  to  azimuths.  2.  Make  a  free- 
hand sketch  in  the  note-book,  giving  the  azimuth  and  length 
of  each  line,  and  the  angle  which  will  be  plotted  at  each  station. 
3.  Use  either  the  tangent  or  chord  method  for  plotting  the 
angles,  preparing  in  advance  a  table  of  tangents  or  of  chords  to 
correspond.     Apply  the  usual  checks  throughout  the  work. 

Problem:  Same  as  the  preceding  exercise  except  azimuths 
are  plotted  instead  of  bearings.  As  this  in  itself  involves  littie 
that  is  new,  it  is  desirable  to  use  a  method  of  plotting  not 
employed  in  either  of  the  two  preceding  problems.  For  example, 
the  azimuths  may  be  plotted  by  the  tangent  method  from 
meridians  drawn  through  the  slaWoiva. 
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Exercise  P-9. 
Plotting  Traverses  by  Latitudes  and  I>eiiarture8. 

Reference:  Pages  471  to  475,  §  507. 

Directions:  Follow  the  method  of  procedure  outlined  on 
p.  472,  §  507  (b),  observing  also  the  practical  suggestions  at  the 
top  of  p.  475. 

Problem:  Same  as  the  problem  in  Exercise  P-3  except  that  the 
polygon  is  plotted  by  the  method  of  latitudes  and  departures. 

Questions:  1.  What  bearings  are  used  in  computing  latitudes 
and  departures,  calculated  or  magnetic?  p.  471.  2.  Without 
going  into  detail,  what  is  the  general  method  of  plotting  by 
latitudes  and  departures?  p.  471.  3.  Why  is  the  most  west- 
erly station  the  most  convenient  reference  point?  p.  471. 
4.  Could  any  other  reference  point  be  used?  5.  If  azimuths 
are  given  in  field  notes  instead  of  bearings,  is  it  necessary  to 
reduce  them  to  bearings  before  calculating  latitudes  and  depar- 
tures? p.  472.  6.  Explain  three  different  methods  of  deter- 
mining which  is  the  most  westerly  station,  p.  472.  7.  Outline 
in  detail  the  general  method  of  plotting  by  latitudes  and  depar- 
tures, p.  472.  8.  What  is  the  object  in  using  a  reference- 
rectangle  and  measuring  from  the  two  nearest  sides  to  locate  a 
point  instead  of  locating  it  by  coordinates  by  means  of  a 
T-square  and  triangles?  p.  473,  "  Caution."  9.  Give  practical 
suggestions  for  plotting  by  latitudes  and  departures  as  regards 
(1)  plotting  large  maps;  (2)  assuming  the  reference-rectangle 
so  that  no  side  is  horizontal  or  vertical;  (3)  testing  the  rec- 
tangle; (4)  plotting  each  station  by  its  latitude  and  departure 
from  the  preceding  station,  and  the  advantage  of  this  method; 
(5)  advantage  of  drawing  the  traverse  lines  so  that  they  stop 
just  short  of  each  station,  p.  475.  10.  What  checks  may  be 
employed  in  this  method  of  plotting?  p.  475. 

Methods  of  Plotting  Traverses  Compared:  1.  Compare  the 
tangent  method  and  the  chord  method,  p.  475.  2.  What  is 
the  chief  advantage  in  plotting  direct  angles  or  deflection 
angles  instead  of  bearings  or  azimuths?  p.  475,  3.  What  are 
some  of  the  disadvantages  of  the  direct  angle  method?  p.  475. 
4.  When  may  the  method  of  plotting  by  bearings  be  used? 
p.  476.  5.  What  are  the  advantages  of  plotting  by  latitudes 
and  departures?  p.  476. 
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£xerci§e  P-10. 
Plotting  the  Survey  on  Page  184. 

Note:  It  will  be  found  that  the  plotting  of*  this  survey  is  exceedingly 
good  practice,  as  it  involves  nearly  all  the  common  methods  of  locating 
points  which  are  used  in  the  field.  If  desired,  recitations  Q-1  to  Q-4  may 
be  held  in  connection  with  this  exercise. 

Reference:  Comments  on  the  survey  are  given  on  p.  184;  com- 
ments on  the  notes  on  p.  185.  The  notes  themselves,  however, 
are  given  on  the  inset  sheet  opposite  to  p.  190,  Illustration  V. 

Directions:  1.  Plot  the  transit  lines  first,  using  one  of  the 
trigonometric  methods.  2.  P^ot  the  details,  using  the  scale  and 
protractor. 

Problem:  Plot  the  survey  shown  on  the  inset  sheet  oppodte 
p.  190,  Illustration  5.  Choose  a  scale  as  large  as  practicable  and 
still  have  the  map  fall  within  the  limits  of  the  paper. 
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GROUP  Q. 

QUESTIONS   PERTAINING  TO  MAPPING. 


Plotting  Maps  from  Field  Notes. 

(Introductory). 

In  most  courses  in  surveying  students  are  required  to  plot 
maps  from  their  own  notes  taken  in  the  field.  The  preliminary 
drill  in  plotting  having  been  completed  and  this  work  of  plotting 
field  notes  having  been  begun,  it  is  well  to  hold  recitations  fron- 
time  to  time  on  that  part  of  the  niapping  in  which  the  student  ii^ 
engaged.  Thus,  for  example,  before  beginning  to  work  up  the 
notes  preparatory  to  plotting,  it  is  well  to  cover  the  ground  out- 
lined by  the  questions  in  Exercise  Q-1.  Before  beginning  to 
plot,  the  questions  in  Exercises  Q-2  and  Q-3  may  be  discussed. 
Before  beginning  to  plot  details,  Exercise  Q-4  may  be  taken  up, 
and  when  the  map  is  finally  completed  in  pencil  and  ready  to 
ink,  questions  on  finishing  the  map  may  be  discussed. 

Exercise  Q-1. 

Working  Up  Field  Notes  Preparatory  to  Plotting. 

Questions:  1.  What  is  one  of  the  first  things  to  do  in  working 
up  notes?  p.  477.  2.  In  addition  to  saving  time  what  other 
object  is  there  in  getting  together  all  data  and  in  making  all  the 
preliminary  calculations  before  beginning  to  plot?  p.  473.  3. 
Wh^i  is  it  most  necessary  to  correct  field  measurements?  p.  478. 
4.  What  are  some  of  the  corrections  applied  to  linear  measure- 
ments? to  angular  measurements?  p.  478.  5.  For  what  purpose 
are  measurements  adjusted?  p.  478.  6.  How  may  linear  meas- 
urements be  adjusted?  angular  measurements?  p.  478.  7.  It  is 
often  best  not  to  follow  any  rule  in  adjusting  angles.  How  is  this 
illustrated  by  the  survey  on  p.  390?  p.  479.  8.  In  work  of  great 
precision  how  are  observed  values  adjusted?  p.  479.  9.  What  can 
you  say  regarding  the  calculation  of  bearings:  for  purposes  of  plot- 
ting; true  bearings;  use  of  adjusted  values  in  angles.*,  V>^^y«v^*\». 
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compass  surveys?  p.  479.  10.  What  methods  are  used  for 
supplying  missing  data  and  what  is  the  disadvantage  in  the  use  of 
these  methods?  p.  480.  11.  Explain  the  method  of  reducing 
stadia  notes  by  the  use  of  reduction  tables;  by  means  of  a  dia- 
gram.* p.  481.  12.  Why  should  the  abridged  method  of 
multiplication  be  used  in  connection  with  reduction  tables? 
13.  Summarize  the  first  five  or  six  steps  in  preparing  data  for 
plotting,  p.  483.  14.  Give  the  additional  steps,  p.  484,  for 
(a)  protractor  method;  (b)  tangent  method;  (c)  chord  method; 
(d)  latitude  and  departure  method;  (e)  azimuth  method. 


Exercise  Q-2. 
Plotting  the  Map. 

(General  Methods  and  Suggestions.) 

Questions:  1.  What  is  the  best  kind  of  paper  for  map  work? 
p.  485.  2.  What  is  the  best  paper  for  maps  that  are  to  be  tinted ; 
for  maps  to  be  reproduced?  p.  485.  3.  What  are  the  advantages 
and  disadvantages  of  the  different  kinds  of  blue  print  paper? 
p.  485.  4.  What  are  the  most  essential  requirements  for  draw- 
ing instruments?  p.  486.  5.  Give  some  of  the  precautions  to  be 
taken  in  accurate  plotting,  p.  486.  6.  What  effect  has  the 
shrinkage  of  the  paper  and  how  may  shrinkage  be  partly  avoided? 
p.  486.  7.  Why  should  maps  be  kept  flat?  p.  487.  8.  Give  the 
general  methods  employed  in  mapping,  p.  487.  9.  Give  the 
general  method  of  procedure,  p.  487.  10.  What  are  the  most 
common  scales  for  ordinary  maps?  p.  488.  11.  .Why  are  not  the 
scales  of  70  and  90  ft.  to  the  inch  commonly  used?  p.  488. 
12.  What  is  the  so-called  natural  scale  and  what  are  some  of  the 
scales  used  for  government  work?  p.  488.  13.  Give  some  of  the 
primary  considerations  in  choosing  a  scale  and  illustrate  by 
examples,  p.  489.  14.  Give  some  of  the  common  scales  used: 
for  preliminary  surveys  of  railroads;  maps  of  mines  and  mining 
claims;  maps  for  architects,  p.  489.  15.  What  are  the  advan- 
tages of  the  scales  1  in.  =  20  ft.,  1  in.  =  40  ft.,  and  1  in.  *=  80  ft.? 
p.  489.  16.  What  are  some  of  the  considerations  which  some- 
times determine  the  size  of  the  sheet?  p.  489.  17.  How  does  the 
arrangement  of  the  map  affect  the  size  of  the  sheet?  p.  489. 

*  If  deeired,  the  student  may  \>e  locvalted  to  construct  a  diagram. 
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18.  How  may  the  shape  and  extent  of  a  survey  be  determined 
roughly?  p.  489.  19.  Give  two  general  rules  for  choosing  the 
scale  for  a  map.  p.  490.  20.  Why  is  it  advantageous  to  adopt  a 
small  scale  for  topographic  maps?  p.  490.  21.  What  is  the 
object  in  sometimes  drawing  maps  of  the  same  territory  to  dif- 
ferent scales?  p.  490.  22.  What  arrangement  of  the  map  is 
desirable  as  regards  points  of  the  compass?  p.  490.  23.  Why 
18  this  arrangement  seldom  economical?  24.  What  effect  has 
the  natural  approach  to  a  piece  of  property  on  the  arrangement 
of  the  map?  p.  490.  25.  What  is  usually  the  first  step  in  begin- 
ning a  map?  p.  490.  26.  Where  do  you  begin  to  plot  a  map 
and  why  work  half  way  around  a  polygon  in  either  direction? 
p.  491.     27.  Give  suggestions  for  assuming  the  first  line.  p.  491. 

28.  When  it  is  desired  to  economize  space  and  the  map  is 
plotted  by  latitudes  and  departures  how  would  you  proceed 
in  assuming  a  reference-meridian,  or  reference-rectangle?  p.  491. 

29.  When  is  a  preliminary  plot  unnecessary?  p.  491. 


Exercise  Q-3. 
Plotting  Traverses. 

(Review.) 

Qtiestions:  1.  To  what  do  the  different  methods  of  plotting 
traverses  correspond?  p.  492.  2.  In  plotting  traverses  when  is 
the  protractor  used?  3.  What  are  the  other  methods  used  for 
plotting  traverses?  4.  Why  should  traverse  lines  be  plotted 
accurately?  5.  Summarize  five  methods  of  plotting  transit 
lines,  giving  the  checks  used  in  each:  (1)  each  line  plotted  from 
the  preceding  line,  p.  492;  (2)  each  line  plotted  by  deflection 
angle,  p.  493;  (3)  each  line  plotted  from  its  bearing,  p.  493; 
(4)  each  line  plotted  from  its  azimuth,  p.  493;  (5)  transit  lines 
plotted  from  latitudes  and  departures,  p.  493.  6.  Give  the 
methods  of  checking  linear  measurements:  (1)  any  straight  line; 
(2)  comparing  the  lengths  of  lines  with  corresponding  distances 
in  field  notes;  (3)  checking  lines  of  a  traverse;  (4)  checking  two 
points  by  indirect  measurements.  7.  Give  the  checks  for  angles : 
(1)  when  laid  off  with  a  protractor;  (2)  test  for  two  or  more 
adjacent  angles;  (3)  check  for  angles  plotted  by  trigonometric 
method;  (4)  checking  angles  between  traverse  l\T\e».    %.   Kxsssn^\ 
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question  on  p.  495.  9.  Give  combination  checks:  (1)  for 
a  reference-rectangle;  (2)  for  a  closed  traverse;  (3)  for  extra 
distances  taken  in  the  field,  p.  495.  10.  Give  methods  of  running 
down  errors,  p.  495:  (1)  when  the  error  of  closure  is  parallel  or 
perpendicular  to  some  line  in  the  traverse;  (2)  when  a  traverse 
has  been  plotted  by  direct  angles;  (3)  when  the  direction  of  the 
closing  line  is  found  to  be  incorrect;  (4)  when  lines  have  been 
plotted  by  bearings  or  azimuths;  (5)  when  a  point  is  wrong  and 
the  mistake  not  easily  found;  (6)  effect  of  long  lines  and  lines 
north  and  south  or  east  and  west.  1 1 .  Give  the  different  methods 
of  plotting  a  triangulation  net.  p.  491. 


Exercise  Q-4. 
Plotting  Details. 

Questions:  1.  Give  the  methods  of  plotting  points  located  by 
angles  and  distances,  p.  496.  2.  What  precautions  should  be 
taken  to  avoid  confusion?  3.  Give  the  methods  of  plotting 
points  located  by  angles.  4.  Give  the  method  of  plotting  points 
by  linear  methods  only.  5.  How  may  the  straightness  of  a  line 
located  by  offsets  be  tested?  6.  Give  general  suggestions  for 
keeping  the  drawing  free  from  unnecessary  lines,  p.  496;  for 
testing  check  distances;  for  plotting  important  points  at  a 
station;  for  plotting  doubtful  points,  p.  497.  7.  Explain  the 
graphic  method  of  interpolating  contours,  p.  497.  8.  Why,  as 
a  rule,  will  a  point  interpolated  from  two  given  points  be  dif- 
ferent if  interpolated  between  two  other  points.  Remark, 
p.  497.  9.  Explain  the  tracing  cloth  method  of  interpolating 
contours,  p.  497.  10.  Give  suggestions  for  the  use  of  this 
method,  p.  498.  11.  Describe  a  home-made  device  for  inter- 
polating contours,  p.  498.  12.  What  determines  the  accuracy 
required  in  plotting?  and  give  illustrations,  p.  499.  13.  What 
contributes  to  speed  in  plotting?  p.  499.  14.  Give  the  different 
methods  of  copying  and  transferring  maps.  p.  500.  15.  Which 
methods  are  used  for  copying  to  a  different  scale  from  that  of  the 
original  map.  p.  501. 
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Exercise  Q-5. 
Finishing  the  Map. 

Qtiestions:  1.  In  finishing  a  map  what  are  some  of  the  specifi- 
cations for  workmanship?  p.  502.  2.  What  in  general  should 
appear  on  a  map?  p.  502.  3.  When  is  the  scale  of  the  map 
shown  by  a  drawing  instead  of  being  given  in  figures?  p.  502. 
4.  Is  a  magnetic  meridian  always  shown?  p.  502.  5.  What 
are  the  most  important  requirements  for  an  ordinary  property 
map?  p.  502.  6.  What  are  some  of  the  additional  requirements 
prescribed  by  law  in  some  states?  Remark,  p.  503.  7.  Give 
some  of  the  requirements  for  topographic  maps.  p.  503.  8.  Give 
some  of  the  things  which  should  appear  on  a  map  made  for  an 
architect,  p.  211.  9.  Giye  the  general  method  of  procedure  in 
finishing  a  map.  p.  503.  10.  Give  suggestions  for  arrangement 
of  (a)  border  lines,  p.  504;  (b)  lettering,  p.  505;  (c)  titles,  p.  505; 

(d)  names  of  streets,  streams,  property  owners,  etc.,  p.  505; 

(e)  give  additional  suggestions  for  arrangement,  p.  505. 

Questions  on  Inking:  1.  Give  suggestions  for  the  use  of  a 
ruling  pen  as  regards  (1)  producing  clear-cut  lines,  p.  440; 
(2)  method  of  holding  the  pen,  p.  440;  (3)  adjusting  the  nibs 
of  the  pen,  p.  441;  (4)  cleaning  the  nibs;  (5)  sharpening  the 
pen;  (6)  method  of  inking  straight  lines  (Suggestions  (5),  (6), 
and  (7),  p.  446);  (7)  order  of  inking  straight  lines  and  circles, 
p.  447;  (8)  inking  Hnes  that  meet  in  a  point,  p.  447;  (9)  inking 
wide  lines,  p.  447;  (10)  mixing  india  ink,  p.  447.  2.  Give 
additional  suggestions  for  inking  as  regards  (1)  order  of  inking 
lines,  p.  506;  (2)  inking  edges  of  streams  and  similar  indefinite 
lines,  p.  506;  (3)  inking  traverse  lines,  p.,  506;  (4)  inking 
broken  lines.  3.  Give  the  method  of  outline  shading,  p.  506. 
4.   Give  suggestions  for  the  use  of  colored  inks.   p.  506. 

Qtiestions  on  Tracing:  1.  Give  general  suggestions  for  tracing 
as  regards  (1)  which  side  of  the  cloth  to  use,  p.  451;  (2)  prep- 
aration of  the  tracing  cloth,  p.  451;  (3)  effect  of  too  fine  lines 
and  figures  on  the  blue  print,  p.  451;  (4)  precautions  to  be 
taken  in  erasing  on  tracing  cloth,  p.  452;  (5)  inserting  new 
pieces  of  cloth,  p.  452;  (6)  effect  of  moisture  on  tracing  cloth, 
p.  452;  (7)  use  of  tracing  paper  instead  of  tracing  cloth,  p.  452; 
(8)  best  ink  to  use,  p.  452;    (9)  method  of  cleaning  a  t^iaa\\s%^ 
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p.  452.  2.  What  are  the  printing  qualities  of  different  colored 
inks?  p.  507.  3.  How  may  tracings  be  colored  with  pencils? 
p.  507.  4.  How  should  streams  and  shore  lines  be  colored? 
p.  507.  5.  Give  method  of  lettering  tracings  by  shifting  let- 
ters underneath,  p.  517. 

Questions  on  Lettering:  1.  Upon  what  does  good  lettering 
mostly  depend?  p.  507.  2.  What  defects  in  lettering  are  the 
least  excusable?  p.  508.  3.  Give  some  suggestions  as  regards 
style  of  letters,  p.  508.  4.  Give  general  method  of  lettering, 
p.  509.  5.  Give  suggestions  as  regards  the  size  of  letters, 
p.  509.  6.  Give  suggestions  as  regards  the  proportions  of 
letters,  p.  510.  7.  Give  suggestions  for  penciUng  the  letters 
as  regards  (1)  use  of  guide  lines,  p.  510;  (2)  estimating  the 
unit  for  proportioning;  (3)  blocking  out  letters;  (4)  two  things 
to  observe  in  drawing  letters,  p.  511;  (5)  devices  for  lettering 
on  tracing  cloth,  p.  511.  8.  Give  the  most  important  points  to 
be  remembered  in  the  construction  of  the  various  letters.* 
p.  511.  9.  Give  suggestions  for  inking  letters  as  regards:  pens  h 
used,  p.  515;  inking  outlines  of  letters;  filling  in;  touching  up  'i 
imperfect  comers ;  testing  the  pen ;  precautions  for  keeping  the 
ink.  10.  What  are  the  most  common  defects  in  lettering?  j 
p.  516.  11.  Give  suggestions  for  spacing  letters  on  paper;  on 
tracings,  p.  516.  12.  Give  general  suggestions  for  lettering 
maps  as  regards  (1)  general  arrangement,  p.  517;  (2)  letter- 
ing curved  streets  or  winding  rivers;  (3)  arrangement  of  two 
lines  that  are  not  centered;  (4)  positions  of  names  and  descrip- 
tions; (5)  printing  values  of  small  angles  and  of  a  decimal  of 
a  foot;  (6)  distinguishing  between  angular  measurements  and 
linear  measurements,  p.  518;  (7)  indicating  the  forward  bear- 
ing for  a  line.  13.  Give  six  different  methods  of  making  letter- 
ing more  prominent,  p.  518. 

Finishing  Topographic  Maps:  1.  Give  suggestions  for  draw- 
ing contour-lines  as  regards  (1)  color  of  ink,  p.  518;  (2)  width 
of  lines  and  kind  of  pen  used;  (3)  which  contours  are  accentu- 
ated; (4)  marking  elevations  of  accentuated  contours;  (5) 
breaks  in  contour-lines,  p.  519;  (6)  representing  intermediate 
contours.  2.  What  are  some  of  the  common  mistakes  in 
drawing    contours?     p.  519,  p.   338.     3.    Give    suggestions   for 

*  This  study  of  the  Gothic  capitals  is  best  made  in  conoectioD  with  a 
regular  course  in  lettering;,  or  at  least  in  separate  exercises  devoted  to 
practice  in  proportioning  leltera. 
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conventional  signs.*  p.  519.  4.  Give  method  of  drawing  small 
water  courses,  p.  519.  5.  Give  suggestions  for  water-lining, 
p.  522.     6.    Give  suggestions  for  section-lining,     p.  522. 

Questions  on  Tinting.  (See  p.  449.)  1.  Give  the  method  of 
mixing  the  tint.  2.  What  is  the  effect  of  pencil  lines?  p.  450. 
3.  Should  the  drawing  be  tinted  first  or  inked  first?  4.  Give 
suggestions  for  applying  the  tint.  p.  450.  5.  What  is  the 
secret  of  success  in  tinting?  p.  450.  6.  How  may  the  tint  be 
removed  from  outside  the  boundary  line?  7.  How  may  the 
surplus  tint  be  removed?  8.  Why  is  it  well  to  go  over  the 
surface  first  with  clean  water?  p.  451.  9.  What  is  the  best 
method  of  securing  a  dark  tint?  10.  To  what  is  tinting  on 
ordinary  maps  usually  confined?  p.  523.  11.  Give  some  of  the 
conventional  tints. 

Questions  on  Border-IAnes  and  Titles:  1.  (p.  523.)  Give  general 
suggestions  for  drawing  border-lines  as  regards:  simplicity; 
size  of  rectangle;  width  of  heaviest  border-line;  method  of 
drawing  a  heavy  border-line.  2.  Where  is  the  best  place  for 
a  title?  3.  On  what  does  the  size  of  the  largest  letters  depend? 
-A.  What  is  the  first  consideration  in  designing  a  title?  5.  Give 
suggestions  for:  arranging  subject-matter;  making  some  lines 
more  prominent  than  others;  centering  lines;  spacing  lines; 
making  lines  of  unequal  length;  styles  of  lettering.  6.  Should 
lower-case  letters  be  used?  p.  524.  7.  Is  it  well  to  make  part 
of  the  letters  inclined  and  part  upright?  8.  For  what  is  single- 
stroke  lettering  used?  9.  When  should  the  title  be  drawn 
freehand  and  when  with  instruments?  10.  Should  words  be 
abbreviated  in  a  title?  11.  How  may  a  title  be  centered  on 
tracing  cloth?  12.  What  are  some  of  the  mechanical  devices 
for  printing  titles?  13.  What  should  appear  in  a  title?  p.  525. 
14.  Give  the  general  method  of  procedure  in  constructing  a 
*«*tle.  p.  525. 

Questions  on  Meridian  Needles j  Scales^  etc.:    1.   How  is  the 

true    north    distinguished    from    the    magnetic    north?  p.    526. 

2.    How  is  the  direction  of  the  arrows  determined?     3.    Why 

should  the  magnetic  declination  be  given  in  figures,  if  given  at 

all?     4.   How  is  the  scale  usually  given?     5.   When  is  it  most 

necessary  to  represent  it  by  a  drawing,  and  what  is  the  chief 

advantage  of  this?     6.   What  is  the  purpose  of  keys  or  legends? 

**    *  plate  of  conventional  signs  may  well  be  drawn  either  in  a  separate 
■iXciL-ise  or  in  connection  with  a  course  in  letleT\n£. 
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7.  When  should  explanatory  notes  be  used  and  where  should 
they  be  placed?  8.  How  may  the  paper  be  cleaned  when 
maps  are  finished;  how  may  tracings  be  cleaned?  9.  What 
are  some  of  the  things  that  should  be  stated  in  a  surveyor's 
certificate?  p.  527.  10.  By  looking  up  some  of  the  references 
on  p.  528,  give  the  most  essential  elements  of  a  good  filing 
3ystem. 

Exercise  Q-6.* 

Profiles. 

Questions:  1.  In  plotting  profiles,  is  it  customary  to  use  the 
same  scale  for  laying  off  elevations  that  is  used  for  horizontal 
distances?  p.  529.  2.  When  does  a  profile  represent  a  true 
vertical  section  and  when  does  it  not?  p.  530.  3.  Why  are 
profiles  apt  to  be  misleading?  Remark,  p.  530.  4.  What  are 
the  three  standard  styles  of  profile  paper?  p.  530.  5.  Give 
suggestions  for  the  choice  of  scale,  p.  531.  6.  What  are  some 
of  the  most  convenient  combinations  of  papers  and  scales? 
p.  531.  7.  Give  the  method  of  working  up  notes  for  profiles, 
including  the  checks,  p.  531.  8.  Give  suggestions  for  method 
of  procedure  in  plotting  profiles  as  regards:    assuming  the  posi- 

I 

tion  and  elevation  of  base-line,  p.  532;   where  to  begin  the  pro-  \ 
file;   how  to  make  100-ft.  stations  fall  on  accentuated  vertical  ; 
lines;  how  to  number  accentuated  lines,  vertical  and  horizontal; , 
how  to  plot  points;    how  to  check  points.     9.    Give  additional  ; 
suggestions  for:   two  men  working  to  advantage,  p.  533;   mark-  \ 
ing  points;  continuing  a  profile  which  runs  off  the  bottom  or  ' 
top  of  the  paper;    avoiding  the  common  mistake  of  plotting  ] 
turning-points  and  benches;   plotting  Accurate  profiles;   making  '' 
several  copies  of  profiles.     10.   Give  examples  of  the  method  of  | 
plotting  the  profiles  of  several  related  lines,    p.  533.     11.    Give  ' 
the  method  of  laying  out  grades  and  vertical  curves  on  profile, 
p.  533.     12.    Give  suggestions  for  finishing  profiles  as  regards:  i 
representing   existing   surfaces   and   proposed   changes;     ruling  | 
the  profile  or  drawing  it  freehand;  smoothing  out  sharp  angles; 
inking  the  base-line;  methods  of  marking  elevations;  the  points 
at  which  elevations  should   be  marked;    marking  cut  or  fill;  I 
marking  rate  of  grade;   tinting  or  coloring  profiles;    method  of 
showing  different  materials.     13.    Give  suggestions  for  lettering  ' 
profiles,  p.  535. 

♦  Recitation  to  be  held  iu  couuecUou  njWVi  «ttv  ^^^wcVafeVa.^VA.'Cvcvs^  ts^^*^^. 
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